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Staphylococcus pseudintermedius (S.pseudintermedius) é 
uma bactéria patogénica oportunista, responsável pela 
maioria das infeções cutâneas e pós-cirúrgicas em cães. O 
número de estirpes resistentes a antibióticos β-lactâmicos 
está a aumentar constituindo actualmente um dos grandes 
desafios enfrentados pela medicina veterinária. As bactérias 
mais resistentes ao tratamento são aquelas que produzem 
biofilme sendo esta capacidade considerada um fator de 
virulência. Num biofilme, as bactérias estão envoltas numa 
matriz de substâncias poliméricas extracelulares (SPE), 
algumas das quais são proteínas. 
Tendo por objectivo obter mais informação acerca do 
biofilme, foi caracterizado o proteoma da matriz do biofilme 
de uma estirpe bastante virulenta de S. pseudintermedius 
isolada de um cão com piodermite profunda. Para tal 
cultivaram-se biofilmes da estirpe de S. pseudintermedius 
5819/10 em meio apropriado, separou-se a matriz das suas 
células bacterianas e avaliou-se as proteínas presentes 
quanto ao seu conteúdo e complexidade. Posteriormente o 
proteoma foi separado por electroforese 1D, caracterizado 
por nanoLC-ESI-Q-TOF e analisado usando ferramentas 
bioinformáticas 
Constatou-se que o proteoma da matriz do biofilme da estirpe 
5819/10 de S. pseudintermedius é muito diverso e que 63% 
das proteinas podem estar relacionadas com a região 
extracelular do biofilme ou da membrana plasmática na 
forma de complexos proteicos. Verificou-se também que a 
maioria das proteínas identificadas possui funções essenciais 
para a sobrevivência da bactéria mas não foi possível 
estabelecer uma relação clara entre elas e a formação de 
biofilmes. Algumas proteínas que se sabe estarem envolvidas 
na formação de biofilmes foram identificadas, tratam-se 
principalmente de factores reguladores da formação de 
biofilme e outros factores de virulência relacionados com a 
colonização de um hospedeiro a adesão bacteriana a uma 
superfície. A prevalência de adesinas e a ausência quase total 
de proteínas envolvidas na síntese de SPEs, forneceu dados 
que apoiam a hipótese que a matriz do biofilme do S. 
pseudintermedius 5819/10 seja constituída por células 
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Staphylococcus pseudintermedius is an opportunistic 
pathogenic bacterium responsible for most skin and post-
surgical infections in dogs. The number of bacterial strains 
resistant to β-lactam antibiotics is increasing and are the major 
challenges now faced by veterinary medicine. Bacteria that 
produce biofilm are more resistant to treatment and thus, the 
production of this structure is already considered a virulence 
factor. In a biofilm, bacteria are embedded in a matrix of 
extracellular polymeric substances (EPS) some of which are 
proteins.  
With the objective to know more of this array element, the 
characterization of the biofilm matrix proteome (BMP) from 
a highly virulent S. pseudintermedius strain isolated from a 
dog with severe pyoderma was performed. Biofilm was 
developed by culturing the S. pseudintermedius strain 
5819/10 in specific media. The biofilm matrix was then be 
separated from bacterial cells and evaluated for their protein 
content and complexity. Finally, the proteome was separated 
by 1D electrophoresis and characterized by nanoLC-ESI-Q-
TOF and analysed using bioinformatics tools. 
The BMP of strain S. pseudintermedius 5819/10 consisted in 
a diverse group of proteins, where 63% of the proteins could 
be related to either the extracellular region or the plasma 
membrane, as protein complexes, and most of them had 
functions essential to cell survival. However, it was not 
possible to establish a clear relation between them and biofilm 
formation. Proteins known to be involved in biofilm 
formation consisted mostly of regulator factors of biofilm 
formation as well as virulence factors of-mainly-bacterial cell 
adhesion and host colonization. The prevalence of adhesins 
and the almost total absence of proteins involved in EPS 
synthesis pointed to a biofilm matrix where cells are directly 
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1.1 Staphylococci Biofilms 
 
A biofilm is defined as a “microbial derived sessile community characterized by cells 
that are irreversibly attached to a substratum, interface or to each other, are embedded in a 
matrix of extracellular polymeric substances that they have produced and exhibit an altered 
phenotype with respect to growth rate and gene transcription” (1). Externally, a biofilm can 
look like a simple but thick aggregate of cells and polymers (2) but in some cases, pillar or 
mushroom-shaped structures can be formed (2). Inside the biofilm, bacteria live in a complex 
community, that possess primitive homeostasis, metabolic cooperativity and a primitive 
circulatory system that provide some accessibility to essential nutrients even in the deepest 
regions of the biofilm (2). 
However, not all the bacteria in the biofilm express the same phenotype (3). This is 
because there is a gradient of oxygen, nutrients and electron acceptors, which leads to 
different gene expression throughout the biofilm (3). For instance, cells in the upper and 
lower layers, respectively more exposed to oxygen and to dissolved nutrients, present a 
higher metabolic activity metabolic. Most cells though, are dormant and live in an anoxic 
environment deprived of nutrients (3). 
The phenotype that the dormant cells present is responsible for the biofilm bacterial 
resistance to antimicrobials, that their planktonic counterparts do not have (4). Dormant cells 
consist mainly in very slow growing cells with a very low metabolic activity and a small 
percentage of persister cells (3). Slow growing cells are not very susceptible to antimicrobial 
agents (5). Persister cells are in a metabolically quiescent state and as consequence, they are 
able to live without producing or consuming substances that are targets of antimicrobial 
agents (4). Therefore, they possess multidrug resistance and are able to survive the onslaught 
of bactericidal antibiotics. (4). Once these chemicals are eliminated, persister cells shift to a 
metabolic active state and continue the infection of the host by the bacterial biofilm (6). 
Bacteria living encased in an biofilm matrix, benefit from its ability to sequester and 
concentrate environmental nutrients such as carbon, nitrogen and phosphate (7). The biofilm 
matrix may also provide a diffusion barrier to slow down the infiltration of some 
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antimicrobial agents (8). It has been shown that reactive chlorine species (ex: hypochlorite) 
present in several antimicrobials may be deactivated in the surface layers of the biofilm 
before they are able to penetrate the lower layers (9). Antibiotics such as oxacillin, 
cefotaxime and vancomycin have also shown reduced penetration throughout 
Staphylococcus aureus (S. aureus) and Staphylococcus epidermidis (S. epidermidis) 
biofilms (10). This finding is not universal as an earlier penetration study of vancomycin and 
rifampin in S. epidermidis biofilms, the biofilm matrix acted as a diffusion barrier (11).  
Biofilms may also contribute to the persistence of bacteria (12). Micro-colonies may 
detach and disperse either due to mechanical shear forces provided by the fluid channels or 
through a genetically programmed response (12). The detached micro-colonies then migrate 
to uninfected regions of the host, attach and form a new biofilm (12). In the end, biofilms 
enhance bacterial growth, provide resistance against antimicrobial agents (and the host 
immune response), and provide a platform for enabling bacterial spread (13). 
1.1.1 Biofilm formation as a virulence factor of Staphylococcus infections 
 
Biofilm formation is now recognized as an important virulence factor in several 
staphylococci infections (14). One reason for it, is that the minimal inhibitory concentration 
(MIC) of several antimicrobials for sessile bacteria within biofilms can be 10 to 1000 times 
higher than for their planktonic counterparts (15). Thus, to treat them, a larger quantity of 
antibiotics is necessary and their undesirable secondary effects are more pronounced (15). 
Bacterial biofilms may be of particular concern in veterinary orthopedic surgery 
associated with implants (16) and skin infections (17, 18). For instance, following the 
placement of an implant, it can rapidly be coated with a host-derived, protein-based 
conditioning film, which contains receptors that allow for bacterial attachment, initiating the 
process for biofilm formation and beginning a surgical site infection (SSI) (19). Indeed, the 
ability of bacteria to form a biofilm has been shown to be a leading cause of persistent SSIs 
and pyoderma and thus, the presence of a biofilm can greatly impact the ability to treat them 
(19). 
Therapeutic options available to treat biofilm-associated infections are limited, 
particularly when the strain is resistant to various antibiotics (20). Removal of infected 
orthopedic devices, with the associated morbidity and treatment costs, may be the only viable 
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option (21). So, the development of alternative treatment regimens for biofilm-associated 
infections is needed. 
1.1.1.1 Staphylococcus pseudintermedius infections: emergence of methicillin 
resistance  
 
 Staphylococcus pseudintermedius is a recently described gram-positive pathogenic 
bacterium that was first isolated from the lung tissue of a cat (22). It is an opportunistic 
pathogen andinfects primarily dogs (23, 24) where it is the leading cause of pyoderma and 
surgical site infections (SSIs) (25). S. pseudintermedius can also infect humans (13, 26), 
mainly due to contact with companion animals (27). Though these infections are still rare, 
they can be problematic to treat, particularly when the strain is methicillin-resistant (28).  
S. pseudintermedius isolates used to be susceptible to β-lactam antibiotics, but 
methicillin-resistant S. pseudintermedius (MRSP) is becoming prevalent (29). In fact, MRSP 
has been isolated from dogs, cats and humans (29). In a study by multi-locus sequence typing 
(MLST) involving isolates from different countries and animal species, it has been found 
identical or closely related sequence types (ST) in several countries on different continents 
indicating broad geographic dissemination of the most successful clones (26). Also the ST’s 
of clinical human isolates were closely related to commensal canine isolates suggesting 
zoonotic transmission (26).  
Methicillin resistance is conferred by the presence of the mecA gene, which encodes 
the production of an altered penicillin-binding protein (PBP) that has a low affinity for all β-
lactam antimicrobials: penicillins, cephalosporins and carbapenems (30). The mecA gene is 
located on the chromosome of the bacterium on a mobile element called the staphylococcal 
chromosomal cassette mec (SCCmec) (31). This element can be transferred between 
staphylococci species resulting in an increased number of resistant bacteria (32).  
MRSP strains have also been shown to be resistant to a large variety of antibiotics 
besides β-lactams (29). For instance, in cats suffering from urinary tract infections, MRSP 
was found - and proved – to be resistant to not only to beta-lactams, but also to 
fluoroquinolones, tetracyclines, macrolides, lincosamides and streptogramins, 
chloramphenicol, trimethoprim, gentamicin, kanamycin, neomycin and streptomycin (29).  
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Multidrug-resistant MRSP isolates represent a challenge for antimicrobial therapy in 
veterinary medicine because of the limited treatment options (29). Based on susceptibility 
results, the most useful systemic antimicrobials may include chloramphenicol, rifampicin, 
amikacin, clindamycin or minocycline (33). Aggressive topical therapy has been effective 
as the only treatment in certain cases, but the adverse effects of some of these medications 
may limit their usefulness (33).  
While in vitro susceptibility to vancomycin and linezolid is reported by some 
laboratories, the use of these drugs in animals is strongly discouraged (33). That is because 
the pressure put on the use of antimicrobials that are important for treatment of serious 
infections in humans, raises ethical questions and creates the potential for scrutiny and 
eventually restriction of extra-label drug use in veterinary medicine (29, 33).  
Studies on the risk factors associated with MRSP infections in animals are lacking 
(29), but are urgently needed. Knowledge is key. A good place to start is by looking into 
biofilm producing strains of S. pseudintermedius. Indeed, biofilm formation in S. 
pseudintermedius has not been fully characterized (34) but has been hypothesized as one of 
the reasons for the emergence of a few successful MRSP clones (35).  
Research is under way and there are positive signs already. The experimental anti-
biofilm drug DispersinB® has already been proven to be capable of degrading the 
polysaccharide intercellular adhesin (PIA) of MRSP biofilm matrices in dogs and thus, 
destroying the biofilm (36). However, not every biofilm contain PIA (37, 38). Consequently, 
novel anti-biofilm drugs are needed. Along with PIA, the biofilm matrix of staphylococci 
biofilms contain teichoic acids, proteins and, DNA (39). Of these compounds, proteins are 
the most diverse group and may provide key targets for anti-biofilm drugs, or even a new 
drug itself. After all, DispersinB® is an N-acetylglucosaminidase found on Actinobacillus 
actinomycetemcomitans biofilms, where it is responsible for the detachment of cells from 






1.1.2 Biofilm formation and dispersion 
 
As opportunistic pathogens, S. aureus, S. epidermidis and S. pseudintermedius, take 
advantage of a compromised immune system to infect their host (41). For S. 
pseudintermedius, skin damage (41) and immunosuppression caused by surgical procedures 
(42) are the main reasons for the pyoderma and SSIs mentioned above.  
Not much is known about S.pseudintermedius mode of biofilm formation, but S. 
pseudintermedius has biochemical pathways similar to S. aureus (22) and expresses several 
adhesins and extracellular toxins and enzymes similar to it (43). As such, the mechanism for 
biofilm formation and dispersion of S. aureus should provide a model for the yet to be 
described S. pseudintermedius biofilm formation and dispersion mechanisms (figures 1 and 
2). 
 In the planktonic mode of living, both the staphylococcal accessory regulator A 
(sarA) and the alternative sigma factor B (sigB) genes are upregulated (44-46), while the 
accessory gene regulator (agr) is dowregulated (47). This results in the inhibition of 
production of thermostable nucleases and proteases that could otherwise inhibit initial 
biofilm formation (47). sigB also inhibits protease production and additionally, stimulates 
the production of adherence factors such as the microbial surface components recognizing 
adhesive matrix molecules (MSCRAMMs), like clumping factor, fibronectin binding protein 
A (fnBPA) and coagulase, (44, 45) which covalently bind to hosts matrix proteins (48).  
Covalent attachment of bacterial surface proteins is catalyzed by a family of enzymes 
called sortases like sortase A of S. aureus (49).  This enzyme recognizes a sequence of amino 
acid residues called the LPXTG motif (Leu-Pro-X-Thr-Gly) at the C-terminus of the host 
membrane surface proteins sequences, and then cleaves it between the Gly and Thr residues 
(49). Following that, it proceeds to catalyze the formation of an amide bond between the 
carboxyl-group of threonine and the amino-group of the cell-wall peptidoglycan (49). This 
way, the bacteria becomes attached to a biological surface (49). 
The immature biofilm then increases in cell density until a mature biofilm, where 
attached cells are embedded in an extracellular polymeric matrix (50). This development 
occurs either in an extracellular DNA (eDNA) dependent (37), a PIA dependent (51) or even 
in PIA independent manner (38). Once enough bacteria are attached, transient upregulation 
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of the sarA and agr genes, downregulates the production of adhesins and upregulates the 
production of several immunoavoidance factors and toxins that cause damage to the host 
organism (52).  
When the number of cells within the biofilm reaches a certain number and the density 
throughout the bacterial community of auto-inducing peptides (AIPs) involved in cell-to-
cell communication reaches a quorum sensing threshold, expression of agr is induced (47). 
This in turn upregulates the expression of detergent-like peptides, proteases and 
thermostable nuclease leading to the release of bacterial cells from the mature biofilm in 
what is called seeding dispersal (53). 
 
Figure:1 Scheme depicting biofilm formation and dispersion regulated by the agr, sarA and sigB genes, retrieved from 
reference (54). Pointy arrows heads depicts an event or process that is promoted while hammer-like arrow heads depicts 
an event/process that is blocked or suppressed. Agr: accessory gene regulator; sarA: staphylococcal accessory regulator 
A; sigB: alternative sigma factor B. 
1.1.2.1  Mechanisms of mature biofilm formation 
  
 The development of the biofilm matrix is a key step for the biofilm formation and 
virulence (14). As mentioned above, it can occur in PIA dependent or independent manner 
or even in an eDNA dependent mechanism as illustrated in figure 2. In vitro biofilm 
production has also been triggered by the addition of glucose and NaCl to the growth media 
of S. aureus strains and they seem to be associated with different modes of biofilm formation 
(55). In methicillin-susceptible S.aureus (MSSA) isolates, biofilm development in medium 
containing NaCl was correlated with PIA-dependent biofilm production whereas in MRSA 
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isolates grown in either medium containing glucose or NaCl, it was PIA-independent and 
instead was mediated by adhesins (55), which are proteins that glue cells together and to 
surfaces (56). 
 
Figure 2- Mechanisms of mature biofilm formation adapted from reference (54). Arrow heads are the same as figure 
1.Bap:  biofilm-associated protein; cidA: regulator of murein hydrolase and cell death; Dnase:  deoxyribonuclease; eDNA: 
extracellular DNA; FnBPs: fibronectin-binding proteins; icaADBC: intercellular adhesion biosynthetic genes; icaR: 
intercellular adhesion regulatory genee; Irg: regulator of murein hydrolase and cell death; PIA: polysaccharide intercellular 
adhesin; Rbf: protein regulator of biofilm formation; SpA: immunoglobulin G-binding protein A; Spx: global regulator of 
stress response genes; SrrAB: respiratory response regulator. 
 
1.1.2.1.1 Mature Biofilm Formation in PIA-dependent manner 
 
After adhesion, bacteria may start biofilm production through the synthesis of an 
adhesive polysaccharide polymer known as PIA (51).  In S. aureus, PIA is produced in vivo 
and in vitro from UDP-N-acetylglucosamine via transcription of genes of the intercellular 
adhesion (ica) locus: the biosynthetic icaADBC operon (57). These genes are necessary for 
biofilm formation and virulence and are upregulated in response to anaerobic growth, such 
as the internal environment of the immature biofilms (58). Under anaerobic conditions, PIA 
synthesis is triggered by the staphylococcal respiratory response regulator (SrrAB) through 
the binding of a 100 bp DNA sequence upstream of the icaADBC operon (59).  
The synthesis of PIA can be repressed by the expression of transcriptional regulator 
of the teicoplanin-associated locus (tcaR), the intercellular adhesion regulator gene (icaR) 
and indirectly, the global regulator of stress response genes (spx) (60-62). icaR encodes a 
transcriptional repressor that represses PIA production by binding to the ica cluster promoter 
(60, 61) and spx modulates this action (62). However, transcription of icaR can be repressed 
by the protein regulator of biofilm formation (Rbf) (63). When this occurs or when icaR is 
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simply deleted, the expression of the icaADBC operon is enhanced, PIA production increases 
as well as the biofilm formation (60, 61, 63). 
1.1.2.1.2 Mature Biofilm Formation in PIA-independent manner 
 
Despite the importance of the ica gene locus in biofilm development, biofilms can 
occur in an ica-independent fashion (55). In ica-deletion mutants of MRSA, PIA-
independent biofilm formation can be mediated by cell-to-cell adhesion through their cell 
wall-associated proteins (55). Proteins arbitrating this type of biofilm formation include the 
S. aureus protein A (Spa) (64), fibronectin-binding proteins (FnBPs) (65) and the biofilm-
associated protein (Bap) (66). 
1.1.2.1.3 Mature Biofilm Formation in eDNA-dependent manner 
 
 Extracellular DNA (eDNA) can also induce PIA-independent biofilm formation (37, 
67). On the other hand, DNase treatment degrades eDNA and inhibits eDNa-mediated 
biofilm formation (68). Genomic DNA is the source of eDNA and its release is arbitrated 
through cell lysis and controlled by lrg and cidA genes expression (37, 67). lrg is a regulator 
of murein hydrolase and cell death (37) while cidA is an holin homolog involved in cell lysis 
and encodes an effector of murein hydrolase activity and also regulates cell death (67). 
Upregulation of the lrg, results in inhibition of cellular lysis, DNA release and biofilm 
formation (37). On the other hand, cidA gene expression enhances cellular lysis, DNA 
release and biofilm formation (67). 
1.1.3 Constitution of the Biofilm Matrix  
 
1.1.3.1  Polysaccharides 
 
In staphylococci biofilms there are two main classes of polysaccharides: the 
polysaccharide intercellular adhesin (PIA) and the extracellular teichoic acids (EC-TAs) 
(51). PIA is a linear β-(1,6)-linked N-acetylglucosaminoglycan containing about 130 N-
acetylglucosamine (GlcNAc) residues, partially substituted with O-succinyl groups and 
partially de-N-acetylated (69) and its monomeric structure is presented in figure 3. As for 
the EC-TAs, they are composed of glycerol, phosphate, glucose, and GlcNAc in S. 
epidermidis (70) and phosphate, ribitol, glycerol, GlcNAc, and D-Ala in S. aureus (71).  
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EC-TA are highly polar and hydrophilic molecules, whereas PIA is rich in relatively 
hydrophobic NAc groups (51). Both groups of molecules have positive and negative charges 
due to substitution of hydroxyl with charged groups: free amino-groups and O-succinyl 
substituents in PIA, D-alanyl esters and phosphate groups in EC-TA (51).  The amount of 
substitutions may vary and be influenced by the growth conditions (70). Also, the capacity 
to regulate the number of positive and negative charges, as well as the hydrophilic properties 
of its biofilm constituents by staphylococci, should increase its ability to form biofilm on 
surfaces with different physicochemical properties and to survive and proliferate under 
varying environmental conditions (51). 
PIA was first characterized in S. epidermidis (69) and subsequent studies in the model 
strain S. epidermidis RP62A (70) have revealed the presence of a similar polymer, where 
only the degree of N-deacetylation and O-succinylation as well as phosphorylation varied 
between them. PIA not only promotes intercellular adhesion and biofilm formation (72), it 
also contributes to the pathogenesis of biomaterial-associated infections , to the binding to 





Figure 3- PIA monomer consisting of a partially de-N-acetylated β-(1,6)-linked N-acetylglucosaminoglycan. Image based 
on the data from reference (69), but retrieved from reference (72). 
PIA or similar polymers seem to be wide spread in bacterial biofilms (51). In Gram-
negative bacteria Escherichia coli, the gene locus pgaABCD is responsible for the production 
of poly-β-(1,6)-GlcNAc (PGA) (74), which is a polymer with a structure very similar to PIA 
(74). Homologues of pgaABCD were found in other Gram-negative bacteria such as, 
Actinobacillus pleuropneumoniae and Aggregatibacter actinomycetemcomitans (75, 76). 
What is remarkable is that coding genes for PIA and PGA have a low degree of homology: 
pga and ica genes do not have a great degree of homology, but the polymers they encode are 
structuraly and functionally the same. (74).  
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Teichoic acids (TAs) are an integral part of the cell wall of staphylococci bacteria 
(51). Due to their alanine content (and the charge its positively amino group brings), cell 
wall teichoic acids (CW-TAs) contribute to the formation of S. aureus biofilms and enhances 
the adhesion of S. epidermidis cells to fibronectin-coated surfaces in the early stages of 
biofilm formation (77). TAs, are also found beyond the cell wall and can be secreted to the 
biofilm matrix, EC-TAs (78). In fact, due to their cell wall origin, the composition and 
structure of both CW-TAs and EC-TAs in S. epidermidis RP62A and S. aureus MN8M are 
the same (71, 79). 
The EC-TA of S. epidermidis is composed of (1,3)-linked poly(glycerol phosphate), 
substituted at the position 2 of the glycerol residues with α-Glc, α-GlcNAc, D-Ala, or α-
Glc6Ala (79). In S. aureus however, there is also a poly(ribitol phosphate) EC-TA polymer 
(71). In the poly(ribitol phosphate) chain, nearly 100% of ribitol is substituted with β-
GlcNAc at position 4 and its structure matches the one described for S. aureus H (80). As in 
S. epidermidis polymer, the glycerol residues are (1,3)-linked, but most are not substituted: 
only about 20% are acylated with D-Ala at position 2 (71). Looking into these evidences, the 
degree of substitution in D-Ala, an important pathogenic element (51), seems different in 
both bacteria species and one could expect similar differences for the S. pseudintermedius 
biofilm matrix . 
Figure 4- EC-TA monomers of S. epidermidis RP62A (A) and S. aureus MN8m (B). Image based on the data from 





Extracellular DNA (eDNA) is considered a major structural component of the biofilm 
matrix of S. aureus, whereas it is only a minor component of biofilms formed by S. 
epidermidis (81). That is because when treated with DNase I, the formation of S. aureus 
biofilms is inhibited and detachment of pre-formed S. aureus biofilms occurs (81). The 
eDNA of S. aureus consists of small fragments of genomic DNA (11 kb) and they mediate 
intercellular adhesion (81). This genomic DNA is obtained through a phenomenon 
analogous to programmed cell death and is regulated by the cidA gene (82). This release, 
also promotes biofilm formation and growth (82), as previously described. 
1.1.4.3 Proteins 
 
There are many known proteins within the biofilm matrix (reviewed in (39)), but 
regarding staphylococci, not many of them were identified. In table 1, secreted proteins 
found on the biofilm matrix of S. epidermidis and S. aureus strains are presented (56, 83). 
They were identified in two recent studies and provide clues about which proteins might be 
present in the S. pseudintermedius biofilm matrix. The secreted proteins identified comprise 
binding proteins, enzymes, and toxins. 
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 The binding proteins were identified in the S. aureus biofilms (56). Some of them 
are immunoglobulin binding proteins: Protein A (SpA) and Sbi (56). These proteins bind to 
human IgG - inactivating it - and thus evading the complement system, “an elaborate 
network of cascades for dealing with microbial intruders” (84). Moreover, SpA has a pivotal 
role in PIA-independent biofilm formation by inducing bacterial cell aggregation and thus 
acting as an adhesin (64).  
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The other binding proteins found were the adhesins Eap, Efb and Emp (56). Eap was 
shown to stimulate cell aggregation and biofilm formation and also strongly bound itself to 
the S. aureus cell surface (56). It was also able to form biofilm matrix architecture and 
contribute to biofilm development through the formation of a structural framework in the 
biofilm matrix (56). Efb promotes biofilm formation and complement system evasion 
through the stimulation of fibrinogen binding to ADP-activated platelets and inhibition of 
platelet aggregation, respectively (85). At last, Emp adheres to the host fibronectin, 
fibrinogen, and vitronectin (86), plays an important role in low-iron-induced biofilm 
formation of S. aureus (87) and is necessary for abscess formation (88). 
Enzymes secreted by S. aureus onto its biofilm matrix were autolysin, coagulase and 
thermonuclease (56). Autolysin is required for both FnBP- and PIA-mediated biofilm 
development on hydrophobic polystyrene and to the attachment to hydrophilic polystyrene 
(65). Coagulase adheres to fibrinogen and catalyzes its conversion into fibrin, leading to the 
formation of blood clots while thermonuclease has been implicated in bacterial cell 
detachment, through the hydrolysis of eDNA (37). 
Enzymes secreted onto S. epidermidis biofilm matrix on the other hand, were the 
tissue-damaging proteases serine protease EpiP, glutamyl endopeptidase and extracellular 
elastase (83). These enzymes play a key role in the inactivation of the host defense 
mechanisms and thus in the persistence of S. epidermidis biofilms and infections (83). Serine 
protease EpiP is involved in complement evasion through the processing of epidermin, a 
lantibiotic that helps to exclude competing organisms that are sensitive to its bactericidal 
activit (89). Glutamyl endopeptidase, also known as serine proteinase, hydrolyses human 
fibronectin and type 1 collagen (90). Finally, extracellular elastase is a metalloprotease that 
has a low substrate specificity and hydrolyzes casein, elastin and glucagon (91). 
A couple of toxins were also found on the biofilm matrix of S. aureus, namely a 
hemolysin and a leukotoxin. β-hemolysin has sphingomyelinase activity with a high affinity 
for sphingomyelin (92). This toxin is also capable of forming covalent cross-links to itself 
in the presence of eDNA producing an insoluble nucleoprotein matrix in vitro and, thus 
forming a biofilm. The leukocidin has a molecular mass close to 40 kDa, it may be one of 
the two proteins that constitute the S. aureus Panton-Valentine leukocidin (93) that directly 
targets mitochondria and induces Bax-independent apoptosis of human neutrophils (94). 
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 In spite of large variety of secreted proteins in both biofilm matrixes, the overall 
number of those only present in this proteome was very low (56, 83). The biofilm matrix 
proteome (BMP) of S. aureus was comprised of only 14% secreted proteins but more than 
50% were already known as cytoplasmatic proteins (56). Among these, there were homologs 
of enzymes with functionality related to protein synthesis and carbohydrate metabolism also 
found on E. coli biofilm matrix, such as ribosomal proteins (30S and 50S) and 
glyceraldehyde-3 phosphate dehydrogenase, respectively (95). In the S. epidermidis BMP, 
the secreted proteins only accounted for 16% of BMP, with the rest being cell wall associated 
proteins (CWA proteins) (83).  
All of this evidence provides valuable information that gives some clues to predict 
which proteins might be found on the biofilm matrix of S. pseudintermedius (figure 5). 
Similar to S. aureus, S. pseudintermedius produces a variety of virulence factors, including 
enzymes such as coagulase, thermonuclease and various proteases, surface proteins like 
clumping factor and protein A, and toxins such as cytotoxins, exfoliative toxins and 
enterotoxins (reviewed in (96)) which could also be found on the biofilm matrix . Of note 
are the canine type C enterotoxin (SECcanine), a superantigen, and the S. pseudintermedius 
exfoliative toxin (SIET), as both have been associated with canine pyoderma infections (97, 
98).  
Figure 5- Main secreted and cell-wall associated proteins of s.pseudintermedius that may be found on its biofilm matrix. 




1.2 Experimental methods for the identification of staphylococci biofilm 
matrix proteins 
 
In order to characterize biofilm matrix proteins, several steps must be accomplished: 
biofilm formation, biofilm matrix and protein extraction protein separation and 
identification. In vitro biofilm formation is performed by cultivating staphylococci in tryptic 
soy broth (TSB) and brain heart infusion (BHI), supplemented with either glucose of NaCl 
within plastic flasks with a large surface area to maximize the adhesion (99). Then, the 
biofilm matrix is extracted using a cation exchange resin (83, 100) or concentrated NaCl 
(56). Proteins are then isolated through trichloroacetic acid precipitation (101) and then 
ressolubilized in an electrophoresis running buffer, in order to get simplified protein fraction 
to proceed with the proteomic analysis. 
Proteins are usually then separated by polyacrylamide gel electrophoresis, namely 
two-dimensional polyacrylamide gel electrophoresis (2D-PAGE) (102). There is also an 
alternative procedure to 2-DE-PAGE, where sodium dodecyl sulfate polyacrylamide gel 
electrophoresis (SDS-PAGE) is combined with High Performance Liquid Cromatography 
after tryptic digestion of each band and it is called GeLC-MS. 
1.2.1 SDS-PAGE and 2D-PAGE for protein separation 
 
The SDS-PAGE is a separation method where proteins are separated according to 
their molecular mass (103). Protein samples are denatured with SDS in order to obtain their 
linear primary amino acid structure (104, 105). After that, they are transferred to a porous 
polyacrylamide gel and subjected to an electric current (104, 105). SDS gives proteins an 
even negative charge and so, they will move towards the positive pole at velocity dependent 
on their molecular mass (105). Those with higher mass are the slowest and also the most 
difficult to migrate through the gel (105).   
The pore size in the gel is crucial for a good separation (105). The smaller the pore, 
the harder it will be for bigger proteins to penetrate and move through the gel (105). On the 
other hand, if the pore size is too large, proteins with a similar mass may migrate at the same 
time and will not separate themselves (105). The key to regulate the pore size is the 
acrylamide percentage on the gel, as the pore size is inversely proportional to the amount of 
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acrylamide used (105). As a reference point, in the S. epidermidis proteomic study 
mentioned in 1.1.4.3, a 12% polyacrylamide gel was used (83).  
Proteins separated by SDS-PAGE subsequently rely on mass spectrometry (MS) 
techniques for identification and further characterization (104). Protein in-gel are excised 
and then in gel digested with a specific protease, namely trypsin (104). The mass of the 
resulting tryptic peptides and of their fragments is determined using a mass spectrometer. 
These results are combined in order to obtain protein identifications (104). 
1.2.2 MALDI- TOF/TOF mass spectrometry for protein identification 
 
Matrix-Assisted Laser Desorption/Ionization Time-Of-Flight/Time-Of-Flight 
tandem mass spectrometer (MALDI-TOF/TOF) is an instrument with the advantages of high 
sensitivity for peptide analysis and comprehensive fragmentation information provided by 
high-energy collision-induced dissociation (CID) (106). MALDI ionizers create mainly 
single charged ions (107). Samples are incorporated into the crystalline structure of small 
UV radiation absorbing molecules, that provide a vehicle for ions to be created from polar 
or charged biomolecules (108). When laser radiation strikes the matrix crystals, the energy 
deposition is thought to cause rapid heating of the crystals brought about by matrix 
molecules emitting absorbed energy in the form of heat (108). The rapid heating causes 
sublimation of the matrix crystals and expansion of the matrix and sample into the gas phase 
(109). Ions may be formed through gas phase proton-transfer reactions in the expanding gas 
phase plume with photo-ionized matrix molecules (109).  
MALDI ionizers are usually coupled to TOF analyzers (110). Within this device, 
mass-to-charge ratios are determined by measuring the time it takes for ions to move through 
a field-free region (110). Given a constant accelerating voltage, the flight time for an ion will 
be related to its mass to charge ratio (m/z) (110).  
The flight path for an ion can be increased, without increasing the size of the flight 
tube through the incorporation of an ion mirror or reflectron at the end of the tube (110). 
With this device in place, ion direction is reversed to send the ions back down the same 
vacuum chamber at a slightly different angle so the flight path of the reflected ions does not 
cross with the ions entering the reflectron (110). The reflectron can also correct minor kinetic 
energy differences among ions of the same m/z value and so minimize variations in their 
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fight times (110). Ions with higher kinetic energy arrive earlier at the reflectron but also 
penetrate deeper before reflection than the less energetic ions (110). Thanks to that, ions with 
the same m/z ratio but different initial energies are capable of meeting at the detector at about 
the same time (110). 
Structural information is deduced from ion fragmentation (110). This is because there 
can be peptides with the same mass but different composition and amino acid sequence. 
Thus, incorporating a collision cell and a second TOF to the equipment will allow this type 
of analysis (106). A precursor ion is fragmented inside the collision chamber and the mass 
of the fragment ions is determined in the second TOF. The analysis of the generated MS/MS 
spectrum enable to deduce the peptide amino acid sequence (106). 
The MS/MS peak mass values of each ion fragment are then compared with the 
theoretically expected tryptic peptide masses in databases such as the SWISSPROT or the 
NCBI non-redundant (111), with the help of a search engine such as Mascot (112),  which 
uses a development of the MOWSE algorithm (112, 113). The program gives to each ion 
fragment a score based on the probability of the matching between the experimental data and 
the sequence databases being chance events (112). The identification match with the lowest 
probability will be the best match, and it will be significant if it has a probability of occurring 
inferior to 0.05 (112).  
1.2.3 GeLC-MS/MS 
 
GeLC-MS is generally considered to be the technique that provides the highest 
number of protein identifications of the standard proteomics workflows (114). In this 
technique, proteins are first separated by 1DE (SDS-PAGE) and then each lane of the gel is 
excised into multiple gel slices (114). Each of these slices is then in-gel trypsin digested and 
provides the peptide samples for a distinct LC-MS analysis (114). This allows overcoming 
the ion suppression effect common in MS analysis, and increases the number of proteins 
identified in a complex sample.  
Performing an initial 1DE has other advantages. Firstly, the proteins can be 
solubilized with SDS, assuring maximum solublization compared to other protein separation 
methods (114). And secondly, the first dimension gel gives insight on the initial apparent 
molecular mass of the protein identified from its migration on SDS-PAGE (114) and this 
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can provide insight into protein processing or modification (115). On the other hand, the 
main problem with this approach is that is very time consuming (114). 
1.2.3.1 High resolution liquid chromatographic techniques: HPLC and nano HPLC 
 
Liquid chromatography (LC) can be regarded as the separation of components of a 
mixture based upon the rates at which they elute from a stationary phase typically over a 
mobile phase gradient (116). Differing affinities of the mixtures components for the 
stationary and mobile phase’s leads to their separation, since certain components will be 
more attracted to the mobile phase and will elute quickly whilst others will be retained by 
the stationary phase for longer and therefore will elute more slowly, i.e. have a larger 
retention time (RT) (116). HPLC on the other hand is an evolution, where high-pressure 
pumps and strengthened packed columns are combined to improve separations.  
The HPLC device consists of solvent reservoirs, one for each of the mobile phase 
eluents (solvent A and B), as well as further reservoirs for autosampler syringe and line 
washes. A high-pressure pump forms the solvent delivery system, which generates and 
meters a specified flow rate (typically millimeters per minute). A solvent partitioning valve 
allows the mixing of solvents A and B at specified ratios and time gaps, thus permitting the 
operator to programme the HPLC to perform gradient elution steps (117).  
To commence the HPLC cycle sample analysis, an autosampler injector system 
introduces the sample to the mobile phase stream and is carried to the HPLC column (116). 
In the case of reverse phase HPLC (RPLC) for peptide separation, the column is packed 
typically with silica–C18H37 particles to act as a non-polar retaining stationary phase (116). 
At an appropriate time point during the HPLC separation (which is sample matrix-dependent 
and must be optimized to allow for the elution of the maximum number of polar sample 
components), is introduced to the mobile phase in increasing ratios in an incremental 
manner, thus the increasing organic content of the solvent leads to the elution of the retained 
non-polar compounds from the stationary phase. (116). Throughout the chromatographic run 
a mass spectrometer is recording the signal of the eluted sample components, the signal is 




Factors influencing the performance of the HPLC system are the polarity of the 
sample compounds that are being analyzed; the composition of the mobile phase; and the 
chemical properties of the stationary phase (116). However, there are several, other which 
influence the efficiency of HPLC separations and were utilized in the development of nano 
HPLC such as column length and internal diameter and particle size (116).  
Here enters nano-LC that offers higher efficiency, shorter analysis time and better 
compatibility with MS, due to the relatively low flow-rates (40-600 nL min-1) that allow the 
transfer of the entire effluent from the column into the MS (118). Nano-LC uses capillary 
columns of 10-100 μm internal diameter (ID) packed with the same type of stationary phase 
as used in regular HPLC. In nano-LC the use of pre-columns is recommended, since 
capillaries can be easily blocked at the inlet, when real samples are injected. Pre-columns 
can also be used for sample clean up and pre-concentration. (119). 
 Providing that a column bed is uniformly packed and stable, the chromatographic 
separation efficiency is determined by the particle size and column length (120). Longer 
lengths of column enhance chromatographic separation, though at the expense of increased 
analysis times and system back pressure (120). Smaller particle sizes lead to an increased 
surface area improving compound retention and providing improved chromatographic 
separation at the expense of an increased pressure being required to drive the mobile phase 
(121). Unfortunately, decreases in column particle size result in greater system back 
pressures, as does increases in column length along with increased solvent consumption and 
sample analysis times (120). 
In modern HPLC and nano-LC, particles in the µm range are commonly employed 
to maximize the chromatographic resolution power along with short column lengths to 
reduce sample analysis times, backpressure, and solvent consumption (121). The column’s 
ID influences the selectivity of separation and detection sensitivity in gradient elution as well 
as determining the volume of sample that can be loaded. Narrow-bore columns are 
commonly used in LC-MS applications since they offer greater sensitivity than the larger-
ID columns, although they restrict the volume of sample that can be loaded (117). Finally, a 






1.2.3.2.1 Ionization Source 
 
In the electrospray ionization (ESI) of peptides, an acidic, aqueous peptidic solution 
is sprayed through a small-diameter needle (122). A high, positive voltage is applied to this 
needle to produce a Taylor cone from which droplets of the solution are sputtered (122). The 
positive charged droplets then move from the needle towards the more negatively charged 
instrument (122). During the course of this movement, evaporation of the droplets occurs, 
reducing their size (122). This leads to split of the droplets into smaller ones due to high 
number of positively charged particles (122). The evaporation and droplet-splitting cycle 
repeats until the small size and charging of the droplet desorbs protonated peptides into the 
gas-phase, where they can be directed into the mass spectrometer by appropriate electric 
fields (122). 
ESI tends to protonate all available basic sites in analyte molecules (122). In peptides, 
they are the N-terminal amine moiety and the basic side groups of the lysine, arginine, and 
histidine residues (122). As a result, multiply protonated peptide ions are observed whenever 
a lysine, arginine,  or histidine  residue is present in a peptide (122).  Doubly charged peptides 
tend to predominate in tryptic digests of proteins because of the proteolytic specificity of 
trypsin (122). This enzyme cleaves amide bonds at the C-terminal side of each  lysine  and  
arginine  residue (122). In general, the peptides produced have only two basic sites - the N-
terminus and the side chain of the C-terminal lysine or arginine residue (122). Consequently, 
ionization takes place by protonation of those two sites (122). More, highly charged tryptic 
peptides nearly always contain internal histidine, lysine-proline bonds, arginine-proline 
bonds, or missed cleavage sites (122). As a result, the maximum charge state of a peptide in 
a tryptic digest can provide some information about its structure (122).  
ESI is a very efficient process for whom the efficiency of protonation of amino acid 
residues basic sites in acidic environments plays a major role (122). To add to its 
atratitiveness to proteomic studys, ESI is compatible with reversed-phase high-performance 
liquid chromatography (RPLC) solvent systems (122). Water/solvent mixtures have 
excellent spray properties and, although methanol might be preferred, acetonitrile is an 
acceptable solvent for electrospray (122).  
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Nanospray is a low-flow spray-ionization technique used in the mass spectrometric 
analysis of protein digests (122). The fundamental ionization mechanism is same but 
distinguished by extremely low flow rates from the spray needle (122). The dimensions of 
the Taylor cone and the sputtered droplets produce the sensitivity enhancement seen with 
nanospray (123). As the flow rate is lowered, and as the size of the electrospray needle is 
reduced, the dimensions of the Taylor cone and of the droplets that are produced are also 
reduced (123). The efficiency of desorption of analytic peptide ions from the electrosprayed 
droplet increases as the size of the droplets decreases because of the larger surface area of 
the droplet relative to its total volume (123).  As a result, a greater proportion of analyte is 
desorbed from the droplets and is transmitted from the spray needle to the entrance aperture 
of the mass spectrometer and detectable signals can be observed with attomole amounts of 
peptides (123). The result of this sensitivity enhancement is that nanospray ionization 
extends the sequencing of proteins in electrophoretic gels down to the silver stain-detectable 
level, which is equivalent to as little as 10 to 100 fmol of protein in the gel (123).  
A practical effect of nanospray is that the microliter volumes of sample produced by 
a protein digest can be sprayed for extended periods (122). Because ions are generated for a 
longer period, more sophisticated experiments can be performed, such as MS-MS 
experiments to investigate  structure of product ions, or optimization of collision conditions 
by using a variety of energies, or simply acquiring more product ion  spectra than could be 
acquired when operating on the chromatographic time scale (122). The primary 
disadvantages of nanospray ionization relate to inherent difficulties of miniaturization; 
namely the need for microscopes to manipulate and place the needle, obstruction of the 
needle, and, in particular, the practical problems related to executing in-line HPLC 
separations at low nanoliter-per-minute flow rates (122). These difficulties, although 
generally manageable, have been the driving force behind the development of microspray 
ionization as a compromise between the flow conditions of electrospray ionization and 
nanospray ionization (122). 
Ionization suppression by trifluoroacetic acid is most easily solved by replacing the 
trifluoroacetic acid in the HPLC buffer systems with acetic acid (122). This step is important 
to maximize the sensitivity of electrospray ionization because the ion-pairing activity of 
trifluoroacetic acid tends to disrupt the protonation reaction, which suppresses positive ion 
generation (122). Trifluoroacetic acid is a standard ion-pairing agent in reversed-phase 
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HPLC analysis of peptides (122). Although the choice of ion pairing agent can have dramatic 
effects of the quality of separation in complex mixtures, it is important to remember that 
good chromatographic separation of peptides can also be accomplished with acetic acid, and 
the high UV cut-off that makes its use impractical for typical HPLC analyses is irrelevant 
with mass (122).  
The problems associated with the changing proportions of solvent and water in the 
column effluent are minimized by post-column mixing of the column flow with a sheath 
liquid designed to optimize analyte signal generation and removed altogether when using 
nanospray, which does not use them (122). This so-called “sheath-flow” is provided coaxial 
to the column and is typically a mixture of methanol, water, and acetic acid (122). The 
function of the sheath liquid is to dampen any effect of the gradient on the characteristics of 
the spray (122). As a result, conditions in the ion source can be adjusted or tuned for optimum 
sensitivity, and that sensitivity is maintained throughout the elution gradient (122).  
SDS remnants from the electrophoresis run may also cause problems to the GeLC-
MS system (122). They can reduce the sensitivity of the experiment either by competing in 
some way for the ionization of peptides or by disrupting the spray/evaporation process. SDS 
in the polyacrylamide gel electrophoresis gives proteins an uniform negative charge which 
would then neutralize the positive charge given by ESI, making impossible for the peptides 
to move into the mass analyzer (122). SDS is also a surfactant and thus will affect the surface 
tension of the solvent droplets containing the peptides inside the ESI device, disrupting the 
spatial details of the evaporation process established in optimizing the tuning of the ion 
source (122). The net effect is that the presence of SDS in a sample dramatically reduces the 
sensitivity of the analysis (122). Fortunately, any trace of SDS or other ionic species that 
might otherwise interfere with the ionization are removed through the use of the reversed-
phase HPLC inlet (122). 
1.2.3.2.2 Mass Analyzer 
 
One of the analyzes that is usually coupled to the ESI or Nanospray ionization source 
used in GeLC-MS/MS experiments is a quadrupole-time-of-flight tandem mass analyser 
(122). It uses a quadrupole mass filter for the first mass analyzer and an orthogonal time-of-
flight mass analyzer for the second mass analyzer (122). The collision cell is a hexapole lens 
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system that contains and transmits all the ions within the selected m/z range (122). For 
peptide mass measurements, the first quadrupole is used in an rf-only mode to transmit all 
ions and the time-of-flight mass analyzer carries out the mass analysis (122). The key 
distinction in a quadrupole-time-of-flight instrument is that mass spectra and product ion 
spectra are both recorded by the time-of-flight mass analyzer with all of the advantages of 
time-of-flight analysis previously described in 1.2.2 (122). 
1.2.3.2.3 Data Interpretation 
 
The specificity and sensitivity of LC–MS/MS enable simultaneous analysis of 
multiple components from complex biological mixtures (124). LC is the first dimension of 
the analysis during which a complex biological extract is chromatographically separated into 
either individual or overlapping bands of compounds (124). In a LC–MS/ MS method, 
compounds elute off a LC column into a mass spectrometer which performs as a mass filter 
(124). The mass filtering provides high selectivity to differentiate among ions formed from 
different co-eluting analyses (124). 
The structural elucidation (amino acid sequence) is performed using data system 
software to compare the nominal masses of the product ions with the theoretical masses of 
ions from compounds in a mass spectral library (124), as reviewed in the MALDI- TOF/TOF 
proteomic analysis (section 1.2.2). Also, in order to identify proteins, bioinformatics tools 
such as ProteinScape (Bruker) using the MASCOT search engine, identifies proteins on the 
basis of peptide mass spectra (125). With MASCOT, peptide mass spectra from protein 
digests are analyzed, assigned a sequence, and protein databases are searched for the 
presence of the peptide sequences (125).The higher the scores of the peptide sequences 
identified in the candidate protein, the higher the confidence in the identification (125). The 
identified proteins can then annotated using gene ontology categories - either manually or 
using software such as Blast2GO (BioBam) or ProteinScape (Bruker) in order to better 








The objectives of this study are the characterization of the BMP of a highly virulent S. 
pseudintermedius strain isolated from a dog with severe pyoderma (5819/10), previously 
characterized by MLST as belonging to ST71, the highly spread European-clone (126). 
Biofilm was developed by culturing the S. pseudintermedius strain 5819/10 in specific 
media. The biofilm matrix was then separated from bacterial cells and evaluated for its 
protein content and complexity. Finally, the proteome was separated by 1D-electrophoresis 




























Biofilm from S. pseudintermedius strain 5819/10 was grown in TSB enriched with 
4% (w/v) of NaCl at 37ºC during 48 hours in a 6-well culture plate using a protocol adapted 
from the literature (127). Pieces of biofilm matter were taken for light microscopy inspection 
at several time-points of the growth process. After 48 hours of growth, the biofilm matrix 
was extracted using a version of a recently published extraction protocol (56), where the 
amounts of washing buffer and extraction buffer were optimized. The extraction was 
monitored at several time-points by light microscopy, for which a known staining protocol 
was first tested and then used (128). 
In order to choose the optimal extraction conditions, 5 biofilms grown in wells of a 
6-well culture plate, were washed with 330, 660 or 1000 µL of washing buffer and the 
biofilm matrix was extracted using 100 or 200 µL of extraction buffer- the procedure was 
monitored by LM. The extracted protein matrix from biofilm samples obtained after different 
extraction protocols were then run in an SDS-PAGE minigel and stained with Coomassie 
Brilliant Blue in order to access their profiles and thus select the extraction conditions.  
The more intense gel bands were excised, digested with trypsin, and identified using 
MALDI-TOF/TOF mass spectrometry analysis with the goal of doing a preliminary analisis 
of the biofilm matrix proteome The protein identification was performed using GPS 
Explorer™  software (Applied Biosystems) with MASCOT (version 2.2) search engine and 
the Uniprot/SwissProt database (release 2013_09) restricted to the Staphylococcus 
taxonomy group for protein identification and an initial assessment of the matrix protein 
extracts was made, to check the enrichment in extracellular proteins. 
For GeLC-MS/MS, biofilm from 6 inoculates was grown in petri dishes as well as in 
wells of 6-well culture plates, aiming to generate higher amounts of protein from biofilm 
samples, it was necessary to grow the.The quantities of extraction reagents were adjusted for 
the petri dishes (by a factor ± 6) taking into account the surface area of the vessels. This was 
essential for complete biofilm extraction.  
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After extraction, the total protein of  all replicates was quantified. The  replicates with 
the biggest protein quantity were selected for GeLC-MS/MS analysis- the biological 
replicates PD I1 100, PD I3 10 and PD I2 10, as well as the thecnical replicate PD I2 100. 
About 20 µg of protein from the selected samples were partially run in an SDS-PAGE 
minigel and stained with Coomassie Brilliant Blue. After that, each lane was cut in 4 bands 
and the 16 bands were destained, reduced and alkylated and then digested with trypsin.  
High Resolution LC-MS/MS analysis was performed for protein identification using 
Data Analysis 4.2 software (Bruker) to interpret LC-MS/MS and ProteinScape 3.1 (Bruker) 
using MASCOT search engine (version 2.2) and the Uniprot/SwissProt database (release 
2014_05) restricted to the Staphylococcus taxonomy group for protein identification. The 
protein identification data was subjected to protein-protein BLAST (BLASTp) search with 
BLAST2GO (B2GO) software (BioBam) in order to perform gene onthology (GO) 
annotation to the identified proteins and better characterize them. A general overview of the 
GOs from the proteome was performed before proteins related to biofilm formation; cell 
adhesion, host colonization and pathogenesis were singled out. A comparison between the 
obtained proteome and already published ones was also undertaken. 
Figure 6- GeLC-MS/MS protocol workflow for protein identification and annotation of S. pseudintermedius 5819/10 biofilm 
matrix proteome. Biofim matrix protein isolation procedures was optimized by changing the volumes of washing and extraction 
buffers used and comparing the 1D electrophoresis gel profile of each combination of buffers; a preliminary protein identification 
of BMP was performed with the optimization protein extracts using MALDI-TOF/TOF.  Biofilm formation and biofilm matrix 




2.2 Detailed Description 
 
2.2.1 Preparation of biofilms 
 
Prior to inoculation and close to a flame, a small amount of stock culture from S. 
pseudintermedius strain 5819/10 was transferred to blood agar and incubated 24 h 
aerobically at 37ºC. Then, 5819/10 inoculates were prepared by transfer of 3-4 colonies into 
test tubes containing 5 ml of trypitic soy broth (TSB) – near a flame - and incubated 
aerobically overnight (ON) at 37ºC. The used strain was first isolated in the Laboratory of 
Antimicrobial and Biocide Resistance of  Faculty of Veterinary Medicine of Lisbon 
University from a severe case of dog pyoderma (126) and chosen for its virulence (129).The 
inoculates where then diluted 1:100 the  into TSB enriched with 4% (w/v) sodium chloride 
(NaCl) inside a plastic container, be it the wells of 6 well cell culture plate or 90-mm 
diameter sterilized dishes, again near a flame. The decision to grow biofilm in TSB enriched 
with NaCl instead of glucose was made based on previous but still unpublished biofilm 
growth studies with the straina . Finally, biofilm development occurred throughout 48 hours 
incubation at 37ºC under static conditions. In the biofilm growth optimization assay, pieces 
of the growing biofilm were taken after 7, 23, 31 and 48 hours of growth.  
For the GeLC-MS/MS assay in particular three inoculates were grown in TSB - as 
described- and then diluted 1:10 as well as 1:100 as described above. Biofilm from this 6 
diferent cultures were grown inside petri dishes and wells in 6-well culture plates. In the end, 
protein extracts. 
2.2.2 Biofilm Matrix Extraction Protocol 
 
This extraction protocol was adapted from a previous protocol (56). First, planktonic 
cells and the remaining growth medium were decanted and the biofilm matrix was inspected 
through Light Microscopy (LM), either directly or through a smear on a slide. Then, biofilms 
of S. pseudintermedius formed in the plastic containers were detached by mixing it with a 
washing buffer (WB) composed of 10 mM Tris-HCl (pH 8.0) and a protease inhibitor 
cocktail (Sigma-Aldrich). They were then mechanically peeled away from the adherent 
surface using a cell scrapper and  transferred into a test tube. 
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The yielded biofilm was vortexed and centrifuged at 5,000 x g for 10 min. Between 
the vortex and centrifugation steps, a piece of biofilm was taken for inspection through LM. 
The supernatant containing reminiscent growth medium and planktonic bacteria was 
transferred into a new test tube and placed in storage at -80ºC. On the other hand, to the 
pellet containing the biofilm matrix, a matrix extraction buffer (EB) composed of 10 mM 
Tris-HCl (pH 8.0), 1 M NaCl, and protease inhibitor cocktail (Sigma-Aldrich) was added. 
The mixture was then incubated at 25°C for 30 min with gentle rotation. Here, a new 
inspection by LM was taken. After the incubation, the mixture was centrifuged at 5,000 x g 
for 10 min and the supernatant (the biofilm matrix suspension) was transferred into a new 
test tube and its contents again inspected using LM. The supernatant comprising the biofilm 
matrix fraction was then stored at – 20º C, while the pellet containing the removed biofilm 
bacterial cells was stored at -80ºC. 
2.2.2.1 Light Microscopy Protocol 
 
The light microscopy inspection was only performed during the biofilm growth trial 
the biofilm matrix extraction trial. Biofilm formation was monitored in the former in order 
to confirm the presence of cell aggregates embedded in matrix of extracellular polymeric 
substances. During the extraction procedure, light microscopy was used to see the effect that 
both the washing and extraction buffers had on the biofilm matrix, in terms of removal of 
planktonic cells in the former and biofilm embedded cells in the latter and to evaluate the 
removal of planktonic cells during the entire extraction procedure. 
After selecting the optimal extraction conditions of biofilms grown in 6-well culture 
plate wells (as explained in section 3.1.1), buffer volumes were scaled up in order to apply 
the extraction protocol to biofilms grown on 90 mm petri dishes. The surface area of the 
culture plate wells and the petri dish were used as references for the scaling calculation, since 
bacteria adhesion and then biofilm growth is dependent on the surface area of the material 
(1, 130). The surface area of the petri dishes used was about 6 times the one from a well in 
6–well culture plate. Therefore, biofilms grown in petri dishes were washed with 4029 µL 
of WB and extracted 611 µL of EB.   
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The staining protocol was adapted from the literature (128, 131, 132). In it, it is stated 
that biofilm EPS (polysaccharides mostly) generally stains orange/pink with Congo Red 
solution, whilst Ziehl carbol fuchsin stains bacterial cells purple/red (132). 
Biofilm samples were smeared onto glass slides and were covered with 10 mM 
cetylpyridinium chloride. The slides were allowed to air dry for 20–30 min and then fixed 
by gentle heating by transient passage over a Bunsen burner flame and allowed to cool. After 
that, the slides were then stained for 15 min with a 2:1 mixture of saturated Congo Red 
solution and 10% (v/v) Tween 80, and rinsed in distilled H2O. Slides were then counter-
stained with Ziehl carbol fuchsin 10% (v/v) for 6 min, rinsed in distilled H2O and dried at 
37oC prior to visualization by light microscopy. After around 30 minutes, the slides were 
ready to be observed in a LM equipped with the Olympus D-10 digital camera. 
2.2.3 Protein Isolation from Biofilm Matrix extracts 
 
Proteins were precipitated using a protocol adapted from the literature (101). Proteins 
were isolated through precipitation, using 20% (w/v) trichloroacetic acid at 4ºC until 
achieving a final concentration of 10%. Following 30 min of incubation, the samples were 
centrifuged 16,000 x g for 30 min at 4ºC. The supernatant was discarded and the precipitates 
were washed twice with cold acetone and the pellet recovered after a centrifugation step at 
16,000 x g at 4ºC. The pellets were dried at room temperature and stored at -20ºC until 
further use. 
2.2.4 Protein quantitation 
 
Proteins pellets were first ressolubilized in the DIGE buffer (urea 7M, thiourea 2M, 
Triton X-100 2 % (v/v), Asb-14 0.5 % (m/m), DTT 50mM). Then they were quantified using 







2.2.5 SDS-PAGE coupled with MALDI-TOF/TOF Mass Spectrometry for 




Proteins were concentrated in a 5% (w/v) acrylamide 7-cm stacking gel and separated 
in a 12.5% (w/v) acrylamide resolving gel. To the protein samples previously solubilized 
with solubization buffer, 5% of 1DE sample buffer (62.5 mM Tris-HCl pH 6.8, 20% 
glycerol, 2% SDS, 5% β-mercaptoethanol e bromophenol blue powder) was added. The 
electrophoretic separation was performed at 50V for 15 min and then 150V for 1 h. 
PageRuler Unstained Protein Ladder (Thermo Scientific) molecular mass standard was run 
along with the samples. After the run, the gel was stained with Coomassie Brilliant Blue and 
photographed. 
 
2.2.5.2 Protein reduction and alkylation 
 
Gel bands of interest were excised and transferred to different tubes. Then 100 µL of 
acetonitrile (ACN) was added to each tube and incubated for 15 min. The ACN was 
removed, 50 µL of 10mM dithiothreitol (DTT) in 100 mM NH4HCO3 was added, followed 
by 45 min incubation at 56ºC, in order to reduce disulphide bridges. Next, the liquid was 
discarded and 50 µL of 55 mM iodoacetamide (IAA) in 100 mM NH4HCO3 was added. This 
was followed by 30 min incubation in the dark at room temperature in order to alkylate the 
previously reduced dissulphide bridges. 
2.2.5.3 In gel digestion of proteins 
 
The gel bands were dehydrated with 100 µL ACN for 15 min. This step was repeated 
until the gel bands were white and then the bands dried in a sample vacuum concentration 
system (SpeedVac) for about 10 min. The gel bands were rehydrated in a digestion buffer 
(6.7 µg/ml trypsin in 50 mM NH4HCO3) and incubated for 15 min at 4ºC. More digestion 
buffer was added when needed to completely cover the gel bands. Following an incubation 
period of 45 min at 4ºC, the remaining buffer was removed and 50 mM NH4HCO3 was added 
to cover the gel bands. The digestion step took 14h at 37ºC. Formic acid was added, up to a 
final concentration of 5%, in order to stop the reaction. Finally, after an incubation period of 
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15 min under agitation, the supernatants containing the peptide digests were transferred to 
new tubes and both bands and digested peptides were stored at -20ºC until further use.  
2.2.5.4 MALDI-TOF/TOF 
 
2.2.5.4.1 Sample preparation 
 
The tryptic peptides were acidified with 5% (v/v) formic acid, concentrated with 
POROS R2 microcolumns (GELoader tip, Eppendorf) and co-crystallised in MALDI-
TOF/TOF sample plates using the matrix α-cyano-4-hydroxycinnamic acid (Sigma).  
 
2.2.5.4.2 MALDI-TOF/TOF data acquisition and protein identification 
 
Tandem mass spectrometry was performed using a MALDI-TOF/TOF 4800 plus 
mass spectrometer (Applied Biosystems). The mass spectrometer was externally calibrated 
using des-Arg-Bradykinin (904.468 Da), angiotensin 1 (1296.685 Da), Glu-Fibrinopeptide 
B (1570.677 Da), ACTH (1-17) (2093.087 Da), and ACTH (18-39) (2465.199) (4700 
Calibration Mix, Applied Biosystems). Each reflector MS spectrum was collected in a result-
independent acquisition mode, typically using 1000 laser shots per spectra and a fixed laser 
intensity of 3500V. The fifteen strongest precursors were selected for MS/MS, the weakest 
precursors being fragmented first. MS/MS analyses were performed using CID (Collision 
Induced Dissociation) assisted with air, with collision energy of 1 kV and gas pressure of 1 
x 10 -6 torr. Two thousand laser shots were collected for each MS/MS spectrum using a fixed 
laser intensity of 4500V. 
Proteins were identified using GPS Explorer™  software (Applied Biosystems) with 
MASCOT (version 2.2) search engine and the Uniprot/SwissProt database (release 2013_09) 
restricted to the Staphylococcus taxonomy group. Searches were performed in the MS/MS 
ion search mode and the parameters were set as follows: minimum mass accuracy of 30 ppm 
for the parent ions, an error of 0.3 Da for the fragments, one missed cleavage in peptide 
masses, and Cys carbamidomethylation and Met oxidation as fixed and variable amino acid 
modifications, respectively. Peptides were only considered if the ion score indicated 
extensive homology (p<0.05). 
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2.2.6 GeLC-MS/MS for proteome characterization 
 
2.2.6.1 Gel Electrophoresis 
 
Four proteins was subjected to partial 1D-electrophoresis and protein digestion steps as in 
sections 2.2.6.1-3 but with some differences. The SDS-PAGE run was stopped at 2/3s of the 
run and each lane was cut in 4 bands. In-gel digestion trypsin digestion was performed at a 
5:1 ratio of protein: trypsin (w/w). After digestion, the supernatants were transferred to new 




The samples were analyzed on a Maxis Impact Q-TOF spectrometer (Bruker, 
Bremen), coupled to a nano-HPLC system (Proxeon, Denmark). The samples, dissolved in 
5% acetonitrile, 0.1% formic acid in water, were first concentrated on a 100 µm ID, 2cm 
Proxeon nanotrapping column and then loaded onto a 75 µm ID, 25 cm Acclaim PepMap 
nanoseparation column (Thermo). The chromatography was runned using a 0.1% formic 
acid - acetonitrile gradient (2-30% in 120 min for total lysates digests at a flow rate 300 
nL/min). The column was coupled to the mass spectrometer inlet through a Captive Spray 
(Bruker) ionization source. MS acquisition was set to cycles of MS (2Hz), followed by 3 
second cycles of MS/MS (4-16Hz, intensity depending) of a variable number of the most 
intense precursor ions, with an intensity threshold for fragmentation of 2000 counts, and 
using a dynamic exclusion time of 2 min, with an automated precursor re-selection when a 
3 fold increase in intensity was observed. All spectra were acquired on the range 150-2200 
Da. LC-MS/MS data was analyzed using the Data Analysis 4.2 software (Bruker).  
Proteins were identified using the Data Analysis 4.2 software (Bruker) to interpret 
LC-MS/MS and ProteinScape 3.1 (Bruker) using MASCOT search engine (version 2.2) and 
the Uniprot/SwissProt database (release 2014_05) restricted to the Staphyloccocus 
taxonomy group. MS/MS spectra were searched with a precursor mass tolerance of 10 ppm, 
fragment tolerance of 0.05 Da, trypsin specificity with a maximum of 2 missed cleavages, 
cysteine carbamidomethylation set as fixed modification and methionine oxidation as 
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variable modification. Significance threshold for the identifications was set to p<0.05, 
minimum MASCOT ions score of 20.  
 
2.2.6.3 Protein identification criteria, BLASTp searches and gene ontology annotation  
  
Protein identification reports were generated containing the information of all the 
matched peptides and proteins. Protein identifications were considered if the protein score 
indicates significant statistical confidence (p<0.05). Protein identifications with only one 
peptide with 95% confidence were done using two additional quality criteria:  sequence 
coverage of ≥ 10% and a deviation of predicted mass, RMS90 of ≤ 50 ppm. 
A BLASTp search was performed through BLAST2GO (BioBam) java application 
(http://www.blast2go.de). This enabled to perform GO annotation of the identified proteins 
by using GO categories of the best hit derived from the BLASTp results (BLASTp minimal 
Expectation value set to < 1x10-3).  
Non-caractherized proteins were excluded from further data treatment while the rest 
were characterized by their cellular component, molecular function and biological process 
GO terms. The annotated proteins were also compared to known biofilm cells and matrix 
homologous proteins from bacterial strains of E. coli, Pseudomonas auruginosa and S. 
aureus in order to highlight biofilm matrix related proteins and other virulent proteins. 
Known proteins associated to biofilm formation, cell adhesion, host colonization and 










3.Results and Discussion 
 
3.1 Biofilm Formation and Growth 
 
Biofilm formation and growth was monitored using light microscopy (figures 7-12). 
Samples of a biofilm grown in one plate of a 6-well culture plate were taken after 7, 23, 31 
and 48 hours after which they were fixed and stained using a protocol previously described 
(128, 131) but not previously used in Staphylococcus spp. The figures show that it provided 
enough contrast between cells, biofilm matrix nearly stripped of bacteria and denser biofilm 
matrix full of bacteria.  
After 7 hours of growth (fig. 7), it was possible to observe the formation of globular-like 
aggregates of EPS of diferent size and color in what appears to be different stages of 
development (fig. 7-A). Some of them even have an interior darker than others, which are 
only formed by a brighter matrix substances. The bright tissue might be the beginning of 
what is called the loosely-bound EPS (LS-EPS), which is a type of biofilm matrix gluing 
clusters to form microcolonies and flocs (133). The dark tissue on the other hand might be 
the tightly-bound EPS (TB-EPS), which is found on the cell wall, which links cells  together 
in clusters, and are generally cell wall associated proteins (133). Also observed, are 
membrane-like tissues composed of the darker material surrounding a sea of the lighter 
material with embedded bacteria, which fits the description of a biofilm matrix (fig 7-B). 
The growing biofilm does not appear to be formed homogeneously. Not only matrix-like 
structures and globules so thick that resemble a fully-formed biofilm (figure 7-A) are 
observed, bacteria surrounded by a thin coating of EPS (in fig 7-C) and circular structures 
interconnected by a matrix (fig. 7-D) are also present after 7 hours of growth. The EPS 
connected circular structures may point towards a biofilm that is first formed in small patches 
and then form the connecting tissue between themselves and finally, to close the net they 
produce a polymer rich structure so that appears to be a differentiated type of biofilm matrix. 
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On the other hand, the differences observed could be related to biofilm formation through 
different means: PIA-dependent or -independent and eDNA-dependent biofilm formation. 
However, the data presented cannot prove this hypothesis and no proteomic analyses was 
performed at this stage. The clearest evidence these micrographs provide is that first, the 
staining protocol provides the distinction between cells and different types of EPS and 





After 23 hours the biofilm seems generally denser, though different stages of 
development are still observed (fig. 8). Notably it became apparent the development of 
canals throughout the denser structures (fig 8-C and D) and the opening of pockets in both 
types of EPS (fig 8-B and D). 
Figure 7- Different stages of biofilm formation after 7 hours of growth. In A there’s a circular structures 
composed of dark matrix surrounded by light matrix. In B, small cocci are embedded in semi-transparent 
light purple matrix. C shows a section of darker but still light purple matrix that separates the interior of 
the matrix from the exterior and is full of embedded cocci. D, on the other hand, shows the interior of a 
section of matrix where large round structures of slightly darker purple matrix are interconnected by 
bridges in the same color and a thinner matrix.  
 




The darker matrix seems to be a very differentiated and dense structure (figs 9-C and and 
9-A, respectively). Congo red stains polysaccharides reddish and carbol fuchsin, the bacteria 
blue/pink (128, 131). Both of these hues are prevalent here, but some globules, canals, and 
pockets are clearly visible still (figs 9-B and 9-D). There also seems to be bacteria traveling 
through the channels in fig 8-A, though one has to keep in mind that LM provides 2D images 






Figure 8- Stages of biofilm formation after 23 hours of growth. A shows a portion of dense biofilm matrix surrounded by 
thinner matrix. B highlights the thickening of lighter-colored biofilm matrix as the biofilms developed while C shows that 
denser biofilm matrix had already developed as well as internal channel. D shows a frontier region between region 
between different types of EPS where the thinner matrix merges with the denser one. The thinner part of the matrix seems 

















After 31 hours of growth, there was evidence of a more mature and differentiated 
biofilm (Fig 10-B), but also one very fragmented (fig 10-A,10-D 11-B and C for ex.). It was 
possible to observe bacteria glued by a purple matrix (fig 11-B and C). In other micrographs 
(fig 10-A and D) a lack of a lot matrix is observed as if the biofilm was ripped apart. It was 
not expected, but it might just show that the biofilm matrix sample observed in these pictures 
did not possess a highly mature biofilm or simply the biofilm was not sufficiently fixed 








Figure 9- Closer look at darker biofilm matrix formed after 23 hours of growth. A highlights a channel within a 
very dark purple portion of matrix with what appears to be cocci aggregates traveling through it. B shows a 
slightly pinkish matrix containing some pockets and darker globules while C shows a different part of same 
section of the matrix where channels coming from said part of the matrix. D highlights the existence of channels 



















In the last stage of the growth period (fig 12), the biofilm matrix looked like a mixture 
of the one pictured after 27 and 31 hours (figures 8-11), but with some differences. There 
was a bluish biofilm matrix (fig 12-A, B and C) as well as a thick purplish biofilm matrix 
full of channels (fig 12-E). This highlighted the existence of both polysaccharide rich matrix 
and bacteria rich biofilm matrix. Figures 12-B and C shows large aggregates of cocci on a 
Figure 11- Closer look 31 hours old biofilm. A shows an evolution of the previous stage while B and C highlights a less darker and 
presumably mature biofilm. The arrows in B and C point towards the matrix that surrounds and supports the bacteria. 
Figure 10- Biofilm after 31 hours of growth. A very fragment biofilm with small pieces 
close to a very fragment bulk is observed (A). In stark contrast, an integral matrix where 
dense section of matrix are interconnected by a large thinner section (B) is also present. 
Around the globule in B there’s also a hallow of intermediate density matrix similar to 
the matrix in fig.7-D. C shows a piece of thinner matrix embedding a small amount of 




matrix support and in figures 11-A and C it was possible to see blue cocci aggregates and 
light purple matrix with or without bacteria directly connected to a dark purple biofilm 
containing a large amount of bacteria embedded in EPS. This evidence were in agreement 
with scanning electron microscopy studies on S. pseudintermedius biofilms that have shown 
that the biofilm matrix consists in bacteria embedded in EPS with large aggregates of cocci 












3.1.1 Biofilm extraction: protocol development and optimization 
 
The monitoring of the extraction procedure was done immediately following the 
biofilm formation and growth experiment, using the remaining 5 biofilms cultivated 
alongside the one sampled for the growth monitoring. Five different conditions (table 2) 
were experimented based on the data provided by the literature protocol: three different 
volumes of washing buffer (WB) were tested and coupled with two different volumes of 
extraction buffer (EB). 
 
 
Figure 12- Biofilm before extraction (after 48 hours of growth). Different types of matrix are present. A shows a matrix 
consisting of denser matrix attached to thinner one in which some cocci are embedded. In B, embedded in light purple 
matrix there’s a large amount of cocci which are further highlighted in C. D is a close up. D shows in more detail an 
area of the same matrix depicted in A where the dark matrix merges with the lighter one and where cocci aggregates 











(10 mM Tris-HCl (pH 8.0) & protease inhibitor 
cocktail) 
Extraction buffer 
(10 mM Tris-HCl (pH 8.0), 1 M NaCl & protease 
inhibitor cocktail) 
E32 330 200 
E61 660 100 
E11 1000 100 
E12 1000 200 
 
 In order to find the most appropriate extraction procedure, the extraction was 
monitored by light microscopy and by 1DE coupled with MALDI-TOF/TOF. The protein 
extracts were solubilized in 1DE sample buffer and 20 µL of dissolved samples were loaded 
into a SDS-PAGE mini-gel. Along with most samples from the biofilm matrix extraction 
assay, a sample obtained using another extraction run using j the most extreme version of 
the extraction protocol (the same as sample E12)) was loaded into the gel (sample TBM 2nd 
Exp).  
 On the gel profile is shown in figure 13, nine bands with similar profiles were 
detected on most of the lanes. This indicates that the different extraction procedures did not 
induce differences on the bulk of the protein extracted. Differences in protein band density 
were observed between lanes and they do not follow a pattern that clearly established a 
proportion between band densities with the amount of extraction buffer added. Most glaring, 
the bands in sample E12 were denser than E11, but this sample has bands more intense than 
TBM 2º E, which is a sample extracted the same way as E12. The differences in band density 
were mostly attributed to the different amount of protein in the loaded samples, since at this 
stage the samples were not quantified. Yet, the extraction procedure using 660 µL of WB 
and 100 µL of EB, provided the gel profile with the denser bands. Attending that the same 
volume of protein extract was loaded in each well, it can be assumed that sample E61 had 
the higher protein concentration. Having also provided a similar gel profile as the rest, this 
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extraction procedure was then selected for the remaining extractions and basis for the biofilm 
production scaling-up by 6 fold from the 6-well culture plate to the 90-mm petri dishes. 
  
 The extraction procedure was monitored by light microscopy at 3 time points (fig 
14):  
1. After the addition of the washing buffer followed by quick vortexing; 
2. After the addition of extraction buffer followed by 30 minutes of incubation under 
mild agitation; 
3. After the extraction: sampling of the resulting suspension. 
 
Figure 13- 12% polyacrylamide SDS PAGE gel profile of some of the samples extracted. Samples are the same as 
described in the table 2 with the addition of the TBM 2º Exp that is similar to the E12 sample, but was extracted 
separately The protein marker is the PageRuler Unstained Protein Ladder from Thermo Scientific. 4 proteins were 
identified and their position along the gel is shown based on their MW- more information is presented on table 3 in the 
next section.  
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The addition of washing buffer (figs. 14-1A and 14-1B) removed the majority of 
planktonic coccus when compared to pre-extraction biofilm shown in figures 13A. There 
was still big and opaque/dense dark purple circular structures and inside the “membranes” 
of the biofilm, a wide open space. This showed that the washing buffer actually removed a 
large amount of biofilm matter by itself. However looks can be deceiving because in later 
extraction stages (figs 14-2B and 14-3A), they were present as well as in every test condition 
monitored (including the presented one but in too blurred images). Interesting, the hollow 
space of figures 14-1A and 14-1B was filled with filaments of biofilm matter that demark 
what appeared to be sheets of biofilm matter and some coccus aggregates. The retention of 
this material could be evidence that the biofilm was not homogenous and that some parts 
were denser or more resistant than others.   
The addition of the extraction buffer did not change the appearance of the biofilm too 
much. Comparing figures 14-1A and 14-1B with 14-2A, there was still an outer biofilm 
membrane with a dense aggregate and coccus. The major difference was the larger amount 
of coccus in the latter image. This could be either the result of a release of bacteria from 
large cocci aggregates inside the matrix or from denser biofilm material. There was also a 
smoothing of the biofilm “membranes” which could offer support to the latter hypothesis.  
Neither washing nor extraction buffers destroyed the complex biofilm structure with all 
its different densities in biofilm matrix and channels within as well as cocci aggregates 
(figure 14-2B). However, after centrifugation the state of the biofilm became different. At 
the end of the extraction procedure, there was still both denser and lighter types of biofilm 
matrix (together or not) and a few cocci (figs. 14-3A and 14-3B). Figure 14-3A shows a 
biofilm with more holes, less denser material and no visible cocci compared to figure 14-
2B. On the other hand, figure 14-3B shows a biofilm similar to 14-2A but much hollower 
and fragmented, though still some cocci are observed. It seems as if the extraction buffer 
loosened the biofilm matrix and centrifugation removed the loosened material. Supporting 
this hypothesis, a S. aureus biofilm subjected to a similar treatment lost its surface-adherent 





























Figure 14- Light microscopy monitoring of the extraction procedures. Images 1A and 1B shows the state of the 
biofilm after addition of washing buffer. The matrix is mainly clean of cocci aggregates both inside and outside 
the matrix, while denser parts of matrix are visible. 2A and 2B shows the state of the matrix after the addition 
of the extraction buffer. In 2A a cleaner version of 1A and 1B is present where the border the matrix and its 
inner structures are thinner while a dark globule was not removed. 2B confirms shows that denser sections of 
biofilm matrix still remain after washing and addition of extraction buffer. Persistent. However, after been 
shaken and centrifuged, the matrix was ripped apart with large holes forming in denser matrix (3A) as well as 
in the lighter matrix (3B). In the latter, a darker section of matrix similar to a peninsula looks like a globule 
similar to the one in 1A that was shredded to pieces. 
50 
 
3.1.2 Protein Identification 
 
To evaluate the optimized matrix and protein extraction protocols, the more intense 
1DE gel bands of the total protein extracts were submitted for protein identification using 
MALDI-TOF/TOF data. The more intense gel bands from samples E61 and E12 were 
excised, digested with trypsin and analyzed by MALDI-TOF/TOF. The combined 
(MS+MS/MS) data obtained were then matched with the Uniprot/SwissProt database 
(release 2013_09) restricted to the Staphylococcus taxonomy group the S. pseudintermedius 
protein database through MASCOT (version 2.2) on the GPS Explorer™ (Applied 
Biosystems) software. 
Four staphylococcal proteins were identified with 3 of them being extracellular ones. 
The main evidences obtained from this preliminary study are that most proteins have a rather 
small molecular mass and are similar to those found in both S. aureus and S. epidermidis 
studies, notably Atl and Eap. The former is usually a CW-protein, but it can be found on the 
biofilm matrix. As for the latter, it obtained the biggest protein score here and was also one 
of the most expressed proteins in a S. aureus study in which a similar extraction protocol 
was used. 
The preliminary protein identification assays by MALDI-TOF/TOF were used to 
check if the main protein bands belonged to biofilm matrix proteins. For the proteome 
characterization the proteomic procedure was changed to GeLC-MS/MS. and due to the high 
complexity of protein extracts and to remove any contaminant that co-precipated with the 
proteic matter when the biofilm matrix extracts were previously subjected to trichloroacetic 
acid precipitation. This method allowed an initial fractionation of the protein extracts and 
the removal of impurities in the first-dimension PAGE run, while high resolution liquid 








Table 3- Proteomic Data retrieved from the MALDI-TOF/TOF analysis followed by comparison with Uniprot/SwissProt 




























































































































3.2 Proteomic Analysis by GeLC-MS/MS 
 
3.2.1 Protein Quantitation 
 
For this analysis, biofilms of six inoculates (biological replicates) were grown in petri 
dishes as well as in a 6-plate culture plate. The buffers’ quantities used in the scale-up 
extraction protocol in the petri dishes were proportional to the surface area (for bacteria 
adhesion) of plates of culture plate (about 6 times more). All the samples were quantified 
52 
 
using 2D-Quantkit followed by a 1D SDS-PAGE of 5 µg of total protein to visually confirm 
the quantification and estimate a concentration to use in the proteomic assay (5.1 Annex).  
Four biological replicates with similar gel profiles and a protein concentration 
(around 2 µg/µL) were selected for the proteomic assay. About 20 µg of each were loaded 
into a SDS-PAGE gel, and the electrophoresis was interrupted when the fringe beacon 
reached 2/3 of the cassette. After that, the gels were stained with Coomassie Blue and then 
destained, the gel profile was analyzed and it was decided to cut each lane into four bands 
and digest them with trypsin. The supernatant was removed, dried and stored at -20ºC until 
performing the LC-MS/MS assays. 
 
Figure 15- Schematics of the way gel bands were cut in minigel used in the first stage of GeLC-MS/MS. The dark lines 
indicate the cutting positions of the several gel bands used for tryptic digestion before the GeLC-MS/MS assays.The sample 
codes refers to the actual biofilm samples. PD refers to the plastic 90 mm petri dishes, the support material where the 
biofilms were grown. The “Is” refers to the different inoculates and the “10s and 100s” are references to the dilution 
factors of the inoculates prior to biofilm grown: 1:10 and 1:100 respectively. 
3.2.2 Biofilm Matrix Proteome 
 
3.2.2.1 Gene Ontology Overview 
 
A total of 746 unique proteins were identified from the LC-MS/MS analysis (Section 
5.2, Annex) when the results from all replicates were combined. Proteins where then mapped 
and annotated with Blast2GO (BioBam). Of these, 655 proteins had GO terms assigned to 
them, with 584 being directly identified proteins from the database, while 71 were identified 
from homology. The identified and annotated proteins were then compared with BMPs from 
E. coli MG1655, P. aeruginosa and S. aureus MR23 (56, 95, 134). Additionally the 
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published cellular proteomes of S. aureus COL and N315 were also included in the 
comparison (135). From the 655 identified and annotated proteins, 126 homologous proteins 
were found in the published strains (table 5), with 24 proteins being previously described in 
the biofilm cells of S. aureus COL and N315. Percentage wise, most proteins had homologs 
in the E. coli matrix proteome while in absolute terms, with the three S. aureus strains matrix 
and cellular proteomes.   
Several S. pseudintermedius proteins had homologs with P. aeruginosa PAO1 but 
percentage wise they were relatively few. These differences can be explained when one takes 
into account that most of P. aeruginosa biofilm matrix proteins were found on outer 
membrane vesicles present in the biofilm matrix (134). The proteins found within them were 
significantly different from the ones of P. aeruginosa planktonic outer membrane vesicles 
(134), which points to specialization of the P. aeruginosa biofilm. However, these structures 
are yet to be described in the S. pseudintermedius biofilms and are not likely to, since they 
are only produced by Gram-negative bacteria (136).   
Table 4- Numerical summary of LC-MS-MS analysis 
Type of identification nº of proteins 
Directly identified Proteins with GOs 584 
Blasted Proteins with GOs 71 
Total identified and annotated Proteins 655 
Total Proteins without GOs 91 
Total Proteins 746 
 
Table 5- Comparion between the number of proteins found o S. pseudintermedius 58910 and other bacterial strains 
Bacteria 
Nº of identified 
proteins 




P. aeruginosa PAO1 178 26 14,6 
E.coli MG1655 40 32 80,0 
S. aureus 
(COL, MR23 & 
N315) 




Blast2Go (BioBam) allowed the attribution of cellular components, molecular and 
biological functions to the identified proteins using their GOs. A threshold of 10 protein 
sequences allocated to the same GO term were selected for further analysis. (about 1,5 % of 
proteins with GOs coverage). Also, it is important to know that not every annotated protein 
has a GO for each class but some have more than one GO for each class. This meant that the 
number of GOs in each graphic do not correspond to the number of annotated proteins (655). 
Following the established criteria and regarding the cellular component attributed to 
each protein sequence, the data shows that 242 assignments were done, of which 63% could 
be related to either the extracellular region or the plasma membrane, such as protein 
complexes (fig. 16). On the other hand, cell-wall associated proteins did not make the 
selected sequence coverage cut-off and so, do not appear in the GO pie-chart (fig 16). Also, 
a relevant number of proteins were attributed to ribosomes and a few to cytosol, which was 
also observed in the BMPs of E. coli, P. aeruginosa and S. aureus (56, 95, 134). For instance, 
ribosomal proteins associated with metabolic processes were found on the upper layers of 
the P. aeruginosa biofilms (137).  
 
The annotated proteins had GOs terms for molecular functions mainly related to 
binding and enzymatic activity (fig 17). Less prominent functions identified were structural 
Figure 16- Cellular Component GOs attributed to 10 or more annotated proteins. 
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molecule (of the ribosome) activity and transmembrane transporter activity. Protein binding 
transcription factor and enzyme regulator activities were also identified but were less 
common. The highest number of annotated proteins were ion binding proteins, while nucleic 
acid binding (DNA and rRNA) proteins were less prominent.  
As for enzymatic activity GO terms, proteins with oxidoreductase activity were the 
more common ones followed by transferases, hydrolases, ligases, lyases and isomerases. The 
annotated hydrolases identified had either ATPase, GTPase, nuclease or carbon-nitrogen 
(peptide bonds and others) hydrolase activities. On the other hand, the anotated transferases 
were involved in the transport of acyl, methyl, glycosyl and phosphorous-containing groups 
(kinases and nucleotidyltransferases).  
Most annotated proteins had cell related GOs biological processes such as the cell 
cycle, cellular division, cell morphogenesis, stress response, cellular component 
organization and biogenesis (including the cell wall), transmembrane transport, but most 
notoriously, the cellular metabolic processes, with cellular aminoacid metabolic processes 
being the most abundant GO (fig 18). Another significant metabolic processes identified 
were related to protein synthesis, such as ribosome biogenesis and gene translation. Other 
than this, carbohydrate, lipid and nucleic acid metabolic processes (both DNA and tRNA) 
also made the threshold.  
All of these functions are essential to cell survival and to be expected on a bacterial 
cell proteome. Although most of these activities are well known intracellular activities, it is 
not possible to exclude their extracellular presence and their involvement in biofilm 




production and maintenance. Indeed, most cellular component GOs are for proteins that are 
part of protein complexes, but the location of this complexes is not specified. Even if most 
proteins were of intracellular origin, with the current data it would not be possible to 
ascertain whether they were normally secreted by biofilm-embedded bacteria or the by-
product of cell lysis, either as a regular biofilm function or the result of experimental 
handling-but that was not the objective of this study.  
 
3.2.2.2 Biofilm-associated proteins: Regulators and Virulence Factors 
 
Planktonic S. aureus strains express both sarA and sigB genes in order to inhibit 
protease and thermonuclease production that could hinder biofilm production (44-46). 
Additionally sigB stimulates the production of adhesins for the initial covalent attachment 
of bacteria to a host matrix proteins (48). In the S. pseudintermedius 5819/10 biofilm matrix, 
the presence of the SarA protein was confirmed together with the membrane protein SaeR 
(fig. 19 and table 6). In S. aureus, response regulators SaeR and SaeS act synergistically with 
SarA to repress extracellular protease production that would otherwise limit accumulation 
of critical proteins (such as adhesins) that contribute to biofilm formation (138). Sae is 
required for the induced expression of the important virulence factors IsdA and IsdB in low 
iron conditions (139). Although these factors were not detected, Clp protease required for 
isdB gene transcription (140) was identified.  




Furthermore, SaeR/SaeS activates the expression of exoproteins involved in adhesion 
and invasion of mammalian host cells, including coagulase, Spa, hemolysins (Hla and Hlb), 
DNase, and cell wall-associated proteins (Emp, Eap/Map, FnbA) (141-145) as well as the 
Iron-regulated surface determinant proteins A and B under low iron conditions (139) in order 
to obtain iron from hemoglobin and other iron-rich host proteins from mammalian host cells 
(146). Of all of these proteins, only Eap and β-hemolysin (Hlb) were present on the S. 
pseudintermedius 5819/10 biofilm matrix.  
SarA and SaeR were not the only DNA-binding proteins responsible for the 
expression of virulence factors found among the biofilm matrix proteins. The HTH-type 
transcriptional regulator MgrA, the transcriptional regulatory protein SrrA and the response 
regulator VraR were also present. In S. aureus MgrA, is a repressor of alpha-toxin, 
coagulase, protease, and protein A as well as an activator of capsular polyssacharide 8 (CP8) 
and thermonuclease (147). CP8 enhances the antiphagocytic activity of S. aureus (148) while 
thermonuclease is involved in biofilm seeding dispersal (53). The latter was indeed present 
on the S. pseudintermedius 5819/10 biofilm matrix, even with concurrent SarA activity, 
while the other repressed proteins were not.  
SrrA is part of the two-component regulatory system SrrA/SrrB (149), which is 
involved in the global regulation of staphylococcal virulence factors in response to 
environmental oxygen levels (59). SrrAB induces icaADBC gene transcription and 
polysaccharide intercellular adhesin expression, protecting S. aureus from neutrophil killing 
under anaerobic growth condition (59). SrrA in itself binds to the Agr, Spa and Toxic shock 
toxin promoters repressing their transcription under anaerobic conditions but also promotes 
it under aerobic conditions (149, 150).  
 VraR, or vancomycin resistance associated regulator is part of the two-component 
system VraSR, that positively modulates the regulation of cell-wall biosynthesis pathway 
(in S. aureus) (151). Part of the genes regulated by VraSR system are associated with cell-
wall biosynthesis, such as PBP2, SgtB and MurZ (152). The sensor kinase VraS has been 
shown to respond to the damage of cell-wall structure or inhibition of cell-wall biosynthesis 
by the antimicrobials bacitracin, fosfomycin, teicoplanin, vancomycin and β-lactams, 
leading to overexpression of VraR and reducing the susceptibility to the said antimicrobials, 




RNA polymerase sigma factor SigB was not present in the S. pseudintermedius 
5819/10 biofilm matrix, nor adherence factors known to be associated with it: clumping 
factor, fibronectin binding protein A (FnBPA) and coagulase (44, 45). Such proteins bind to 
human platelets (153) and a serine-rich adhesin for platelets that mediate direct binding to 
human platelets by S. aureus (153) was also present on the S. pseudintermedius 5819/10 
biofilm matrix. This protein, Serine-rich adhesin for platelets,  has been shown to mediate 
the direct binding of S. aureus to human platelets leading to endovascular infection (154). 
Eap/Map as well as an autolysin (Atl) were identified. In S. aureus MR23 biofilm 
matrix, Eap/Map was the most abundant protein and was responsible for cell-to-cell 
aggregation between the bacteria (56). Finding this protein was expected since, both SaeR 
and a transcriptional regulator from the Fur family were detected. Fur, together with SaeRS 
are also required for full induction of the oxidative stress response - which is necessary for 
intracellular survival in neutrophils- and expression of non-covalently bound surface 
proteins (such as Eap/Map and Emp) in low-iron growth conditions (139).  
Figure 19- - Proteins involved in the biofilm life cycle present in the S. pseudintermdius 5819/10 biofilm matrix. In bold 
are proteins that were present in S.pseudintermedius 5819/10 biofilm matrix and in underlined bold are key stages of 
the biofilm life cycle. Ponty arrows (bar the vertical thin ones close to “O2” and “cell density” describes the expression 
of proteins or genes or the ocurrence of an event. T-headed arrows describes the inhibiton of protein or gene 
expression, the stopaged of cell lysis by Irg gene products as well as zinc-binding by EpbS which prevents SasG-
dependent biofilm formation.Two way arrows linked to another describe an action that two proteins execute together; 
SarA and SaeR also work together to repress extracellular protease production. 
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Regarding the autolysin, the one identified by LC-MS/MS belongs to a different 
strain of S. pseudintermedius but has a 99% similarity to the one from the preliminary assay.  
In S. aureus, this autolysin is a secreted protein required for both FnBP- and PIA-mediated 
biofilm development on hydrophobic polystyrene and to the attachment to hydrophilic 
polystyrene (65). Since S. pseudintermedius biofilms were grown in polysterene dishes in 
this experiment, its presence was not unexpected.  
Another adhesin associated with biofilm formation found was Elastin binding protein 
EbpS. It is a weak adhesin though, as inactivation of ebpS has a minimal effect on the binding 
of S. aureus to elastin peptides, which in fact is mediated by fibronectin-binding proteins 
(155). More relevant is its role in the regulation of biofilm formation mechanisms that are 
zinc concentration dependent (156). In its absence, the addition of Zinc2+ ions increases 
biofilm formation in S. aureus (156). Zinc ions are essential for the dimerization of the cell-
wall-anchored protein SasG leading to cell-to-cell adhesion (157). It binds to Zinc2+ ions, 
undergoing conformational changes that leads to the formation of aggregates (157). By 
binding to Zinc2+, Ebps regulates the transfer of zinc ions to SasG through competitive 
binding and thus, also regulates zinc-dependent biofilm formation (156). A homolog of SasG 
was not found in the S. pseudintermedius 5819/10 biofilm matrix though, so there was not 
enough evidence to support the theory that EpbS regulates Zinc-dependent biofilm formation 
on this strain.  
After adhering to a surface, bacteria start forming EPS either producing 
polysaccharide intercellular adhesin, teichoic acids, releasing DNA or adhesins. Cell-wall 
associated adhesins might even work in conjuction with the polyssacarides or DNA, by 
binding the cells to them such as the autolysin AtlAEfm of Enterococcus faecium (158). 
Adhesins can also bind cells together directly such as the above SasG and Eap. Autolysins 
also have a role in cell lysis and consequent DNA release (158). In S. epidermidis, evidence 
shows that AtlE mediates cell lysis and thus contributes to biofilm formation (73). However, 
there was no evidence that the autolysin found on S. pseudintermedius 5819/10 biofilm 
matrix nor its S. aureus homolog played a role in eDNA-dependent biofilm formation 
through cell lysis. The only known protein found to be involved with it, was the 
thermonuclease mentioned above.  
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Moreover, despite the presence of SrrA, none of the Ica proteins responsible for PIA 
synthesis were identified. Indeed, the only proteins associated with PIA synthesis were 
repressors: the HTH-type transcriptional regulator TcaR and the Regulatory protein Spx that 
promotes the expression of icaR gene and thus the IcaR protein that represses PIA synthesis 
when binding to the icaADBC gene cluster (60). Regarding teichoic acid synthesis, only a 
glycerol phosphate lipoteichoic acid synthase was identified. This protein synthetizes 
membrane theicoic acids and thus has a role in  bacterial growth and cell division (159) but 
no evidence supporting a role in biofilm formation was found yet. 
Another regulator that is noted for its absence is the accessory gene regulator (agr) 
protein Agr. Agr expression induces the production of nucleases, membrane and cell-wall 
degrading surfactant-like peptides and proteases that degrade the biofilm matrix and promote 
seeding dispersion of bacteria (52). Looking at the presented evidence, that was not a 
surprise. The only protein that could be up-regulated by Agr is thermonuclease. The other 
proteins identified were associated with biofilm formation and not with bacterial dispersion. 
SarA, in particular, inhibits the synthesis of said biofilm-associated bacteria dispersion 
proteins (52).  
Finally, as mentioned in section 1.1.3, transient up-regulation of sarA and agr genes, 
leads to the production of several immunoavoidance factors and toxins that cause damage to 
the host organism (52). Though so far associated with those genes, some proteins of this type 
were indeed found on the S. pseudintermedius biofilm matrix. The most infamous protein 
was the S.pseudintermedius exfoliative toxin coded by the siet gene as it has been already 
associated with canine pyoderma (98). Another one found was the synergohymenotropic 
toxin, which is coded by the luk-I family of genes. Luk-I, which is very similar to Panton–
Valentine leucocidin (PVL) from S. aureus, shows strong leucotoxicity towards various 
polymorphonuclear cells.  
Although immunoglobulin binding protein A (SpA) was not identified, 
Immunoglobulin-binding protein Sbi was detected. By binding to IgG-and inactivating it, it 
allows the bacteria to evade the hosts’ immune system (56). There were not tissue damaging 
proteases apart from Clp in S. pseudintermedius biofilm matrix, but a potentially important 
protease was present: Do-like Serine protease, DegP/HtrA. Its Streptococcus pyogenes 
homolog is involved in the folding and maturation of secreted proteins, as well as in the 
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degradation of proteins that misfold during secretion (160). Like S. pseudintermedius, 
Streptococcus pyogenes is a Gram-positive bacteria and the presence of this protease here, 





Table 6-Biofilm-associated proteins present on S. pseudintermedius 5819/10 biofilm matrix proteome 
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3.2.2.3 Final Remarks 
 
The work developed in this Master Thesis Project showed that the biofilm matrix 
proteome of a highly virulent S. pseudintermedius strain comprised a diverse group of 
proteins and confirmed the expression of several genome predicted proteins on the biofilm 
matrix. As in other bacterial BMPs, most of them were related to cellular metabolism. 
Several were also involved in the metabolism of known components of the cell wall, PIA 
and teichoic acids such as acetyl-glucosamine, glycerol or phosphate groups. However, it 
was not possible to establish a clear relation between them and biofilm formation. That was 
due to the lack of information since the large majority of known S. pseudintermedius have 
been inferred from homology or are just predicted proteins from gene sequences that don’t 
have sufficient information on the database. It would be helpful to perform a detailed 
function and localization analysis of these proteins in order to better describe the BMP of S. 
pseudintermedius and ascertain the importance of the proteins found on this study. 
Proteins known to be involved in biofilm formation consisted mostly of regulator 
factors of biofilm formation as well as virulence factors of-mainly-bacterial cell adhesion 
and host colonization. On the other hand, proteins related to PIA-dependent biofilm 
formation and bacterial seed dispersion were mostly absent. The prevalence of adhesins 
points to a PIA-independent biofilm where cells are directly or indirectly closely glued 
together to each other.  
In another continuation study, it would be interesting to characterize the composition 
of all polymers of the biofilm-matrix, particularly regarding its polyssacharides and eDNA 
composition in order to better understand and evaluate the hypothesis that S. 
pseudintermedius 5819/10 biofilm matrix is mainly constituted by bacteria connected by 
adhesins and/or eDNA. Additionally, it would be important to find out which virulence 
factors are more pronounced and their relevance to biofilm formation in order to disrupt 
them in the future. That way, more information is needed for discovery of anti-biofilm drugs, 







1. Donlan RM, Costerton JW. Biofilms: Survival mechanisms of clinically relevant 
microorganisms. Clinical microbiology reviews. 2002;15(2):167-193. 
2. Costerton JW, Lewandowski Z, Caldwell DE, Korber DR, Lappinscott HM. 
Microbial Biofilms. Annual review of microbiology. 1995;49:711-745. 
3. Rani SA, Pitts B, Beyenal H, Veluchamy RA, Lewandowski Z, Davison WM, 
Buckingham-Meyer K, Stewart PS. Spatial patterns of DNA replication, protein synthesis, 
and oxygen concentration within bacterial biofilms reveal diverse physiological states. 
Journal of bacteriology. 2007;189(11):4223-4233. 
4. Lewis K. Persister cells. Annual review of microbiology. 2010;64:357-372. 
5. Costerton JW, Stewart PS, Greenberg EP. Bacterial biofilms: a common cause of 
persistent infections. Science. 1999;284(5418):1318-1322. 
6. Lewis K. Persister cells and the riddle of biofilm survival. Biochemistry Biokhimiia. 
2005;70(2):267-274. 
7. Beveridge TJ, Makin SA, Kadurugamuwa JL, Li Z. Interactions between biofilms 
and the environment. FEMS microbiology reviews. 1997;20(3–4):291-303. 
8. Xu KD, McFeters GA, Stewart PS. Biofilm resistance to antimicrobial agents. 
Microbiology. 2000;146 ( Pt 3):547-549. 
9. De Beer D, Srinivasan R, Stewart PS. Direct measurement of chlorine penetration 
into biofilms during disinfection. Applied and environmental microbiology. 
1994;60(12):4339-4344. 
10. Singh R, Ray P, Das A, Sharma M. Penetration of antibiotics through Staphylococcus 
aureus and Staphylococcus epidermidis biofilms. The Journal of antimicrobial 
chemotherapy. 2010;65(9):1955-1958. 
11. Dunne WM, Jr., Mason EO, Jr., Kaplan SL. Diffusion of rifampin and vancomycin 
through a Staphylococcus epidermidis biofilm. Antimicrobial agents and chemotherapy. 
1993;37(12):2522-2526. 
12. Boyd A, Chakrabarty AM. Role of alginate lyase in cell detachment of Pseudomonas 
aeruginosa. Applied and environmental microbiology. 1994;60(7):2355-2359. 
13. Van Hoovels L, Vankeerberghen A, Boel A, Van Vaerenbergh K, De Beenhouwer 
H. First case of Staphylococcus pseudintermedius infection in a human. Journal of clinical 
microbiology. 2006;44(12):4609-4612. 
14. Jain A, Agarwal A. Biofilm production, a marker of pathogenic potential of 
colonizing and commensal staphylococci. Journal of microbiological methods. 
2009;76(1):88-92. 
15. Cohn LA, Middleton JR. A veterinary perspective on methicillin-resistant 
staphylococci. Journal of Veterinary Emergency and Critical Care. 2010;20(1):31-45. 
16. Costerton JW. Biofilm theory can guide the treatment of device-related orthopaedic 
infections. Clinical orthopaedics and related research. 2005(437):7-11. 
17. Beck KM, Waisglass SE, Dick HL, Weese JS. Prevalence of meticillin-resistant 
Staphylococcus pseudintermedius (MRSP) from skin and carriage sites of dogs after 
treatment of their meticillin-resistant or meticillin-sensitive staphylococcal pyoderma. 
Veterinary dermatology. 2012;23(4):369-375, e366-367. 
18. Bryan J, Frank LA, Rohrbach BW, Burgette LJ, Cain CL, Bemis DA. Treatment 
outcome of dogs with meticillin-resistant and meticillin-susceptible Staphylococcus 
pseudintermedius pyoderma. Veterinary dermatology. 2012;23(4):361-368, e365. 
68 
 
19. Singh A, Walker M, Rousseau J, Weese JS. Montanaro L, Speziale P, Campoccia D, 
Ravaioli S, Cangini I, Pietrocola G, Giannini S, Arciola CR. Scenery of Staphylococcus 
implant infections in orthopedics. Future Microbiology. 2011 Nov;6(11):1329-49. In: 
Characterization of the biofilm forming ability of Staphylococcus pseudintermedius from 
dogs. BMC veterinary research. 2013;9:93. 
20. Perreten V, Kadlec K, Schwarz S, Gronlund Andersson U, Finn M, Greko C, 
Moodley A, Kania SA, Frank LA, Bemis DA, Franco A, Iurescia M, Battisti A, Duim B, 
Wagenaar JA, van Duijkeren E, Weese JS, Fitzgerald JR, Rossano A, Guardabassi L. Clonal 
spread of methicillin-resistant Staphylococcus pseudintermedius in Europe and North 
America: an international multicentre study. The Journal of antimicrobial chemotherapy. 
2010;65(6):1145-1154. 
21. Parra-Ruiz J, Vidaillac C, Rybak MJ. Macrolides and staphylococcal biofilms. 
Revista espanola de quimioterapia : publicacion oficial de la Sociedad Espanola de 
Quimioterapia. 2012;25(1):10-16. 
22. Devriese LA, Vancanneyt M, Baele M, Vaneechoutte M, De Graef E, Snauwaert C, 
Cleenwerck I, Dawyndt P, Swings J, Decostere A, Haesebrouck F. Staphylococcus 
pseudintermedius sp. nov., a coagulase-positive species from animals. International journal 
of systematic and evolutionary microbiology. 2005;55(Pt 4):1569-1573. 
23. Borjesson S, Landen A, Bergstrom M, Andersson UG. Methicillin-resistant 
Staphylococcus pseudintermedius in Sweden. Microbial drug resistance (Larchmont, NY). 
2012;18(6):597-603. 
24. Sasaki T, Kikuchi K, Tanaka Y, Takahashi N, Kamata S, Hiramatsu K. 
Reclassification of phenotypically identified staphylococcus intermedius strains. Journal of 
clinical microbiology. 2007;45(9):2770-2778. 
25. Dicicco M, Neethirajan S, Singh A, Weese JS. Efficacy of clarithromycin on biofilm 
formation of methicillin-resistant Staphylococcus pseudintermedius. BMC veterinary 
research. 2012;8:225. 
26. Bannoehr J, Ben Zakour NL, Waller AS, Guardabassi L, Thoday KL, van den Broek 
AH, Fitzgerald JR. Population genetic structure of the Staphylococcus intermedius group: 
insights into agr diversification and the emergence of methicillin-resistant strains. Journal of 
bacteriology. 2007;189(23):8685-8692. 
27. Chuang CY, Yang YL, Hsueh PR, Lee PI. Catheter-related bacteremia caused by 
Staphylococcus pseudintermedius refractory to antibiotic-lock therapy in a hemophilic child 
with dog exposure. Journal of clinical microbiology. 2010;48(4):1497-1498. 
28. Stegmann R, Burnens A, Maranta CA, Perreten V. Human infection associated with 
methicillin-resistant Staphylococcus pseudintermedius ST71. The Journal of antimicrobial 
chemotherapy. 2010;65(9):2047-2048. 
29. Weese JS, van Duijkeren E. Methicillin-resistant Staphylococcus aureus and 
Staphylococcus pseudintermedius in veterinary medicine. Veterinary microbiology. 
2010;140(3-4):418-429. 
30. Ma XX, Ito T, Tiensasitorn C, Jamklang M, Chongtrakool P, Boyle-Vavra S, Daum 
RS, Hiramatsu K. Novel type of staphylococcal cassette chromosome mec identified in 
community-acquired methicillin-resistant Staphylococcus aureus strains. Antimicrobial 
agents and chemotherapy. 2002;46(4):1147-1152. 
31. Kwon NH, Park KT, Jung WK, Youn HY, Lee Y, Kim SH, Bae W, Lim JY, Kim JY, 
Kim JM, Hong SK, Park YH. Characteristics of methicillin resistant Staphylococcus aureus 
isolated from chicken meat and hospitalized dogs in Korea and their epidemiological 
relatedness. Veterinary microbiology. 2006;117(2-4):304-312. 
69 
 
32. Wielders CL, Vriens MR, Brisse S, de Graaf-Miltenburg LA, Troelstra A, Fleer A, 
Schmitz FJ, Verhoef J, Fluit AC. In-vivo transfer of mecA DNA to Staphylococcus aureus 
[corrected]. Lancet. 2001;357(9269):1674-1675. 
33. Frank LA, Loeffler A. Meticillin-resistant Staphylococcus pseudintermedius: clinical 
challenge and treatment options. Veterinary dermatology. 2012;23(4):283-291, e256. 
34. Singh A, Walker M, Rousseau J, Weese JS. Characterization of the biofilm forming 
ability of Staphylococcus pseudintermedius from dogs. BMC veterinary research. 
2013;9:93. 
35. Osland AM, Vestby LK, Fanuelsen H, Slettemeas JS, Sunde M. Clonal diversity and 
biofilm-forming ability of methicillin-resistant Staphylococcus pseudintermedius. The 
Journal of antimicrobial chemotherapy. 2012;67(4):841-848. 
36. Turk R, Singh A, Rousseau J, Weese JS. In vitro evaluation of DispersinB on 
methicillin-resistant Staphylococcus pseudintermedius biofilm. Veterinary microbiology. 
2013;166(3-4):576-579. 
37. Mann EE, Rice KC, Boles BR, Endres JL, Ranjit D, Chandramohan L, Tsang LH, 
Smeltzer MS, Horswill AR, Bayles KW. Modulation of eDNA release and degradation 
affects Staphylococcus aureus biofilm maturation. PloS one. 2009;4(6):e5822. 
38. Toledo-Arana A, Merino N, Vergara-Irigaray M, Debarbouille M, Penades JR, Lasa 
I. Staphylococcus aureus develops an alternative, ica-independent biofilm in the absence of 
the arlRS two-component system. Journal of bacteriology. 2005;187(15):5318-5329. 
39. Flemming HC, Wingender J. The biofilm matrix. Nature reviews Microbiology. 
2010;8(9):623-633. 
40. Kaplan JB, Ragunath C, Ramasubbu N, Fine DH. Detachment of Actinobacillus 
actinomycetemcomitans biofilm cells by an endogenous beta-hexosaminidase activity. 
Journal of bacteriology. 2003;185(16):4693-4698. 
41. van Duijkeren E, Catry B, Greko C, Moreno MA, Pomba MC, Pyorala S, Ruzauskas 
M, Sanders P, Threlfall EJ, Torren-Edo J, Torneke K, Scientific Advisory Group on A. 
Review on methicillin-resistant Staphylococcus pseudintermedius. The Journal of 
antimicrobial chemotherapy. 2011;66(12):2705-2714. 
42. Montanaro L, Speziale P, Campoccia D, Ravaioli S, Cangini I, Pietrocola G, Giannini 
S, Arciola CR. Scenery of Staphylococcus implant infections in orthopedics. Future 
Microbiol. 2011;6(11):1329-1349. 
43. Foster TJ. Colonization and infection of the human host by staphylococci: adhesion, 
survival and immune evasion. Veterinary dermatology. 2009;20(5-6):456-470. 
44. Kullik II, Giachino P. The alternative sigma factor sigmaB in Staphylococcus aureus: 
regulation of the sigB operon in response to growth phase and heat shock. Archives of 
microbiology. 1997;167(2/3):151-159. 
45. Nicholas RO, Li T, McDevitt D, Marra A, Sucoloski S, Demarsh PL, Gentry DR. 
Isolation and characterization of a sigB deletion mutant of Staphylococcus aureus. Infection 
and immunity. 1999;67(7):3667-3669. 
46. Valle J, Toledo-Arana A, Berasain C, Ghigo JM, Amorena B, Penades JR, Lasa I. 
SarA and not sigmaB is essential for biofilm development by Staphylococcus aureus. 
Molecular microbiology. 2003;48(4):1075-1087. 
47. Boles BR, Horswill AR. Agr-mediated dispersal of Staphylococcus aureus biofilms. 
PLoS pathogens. 2008;4(4):e1000052. 
48. Patti JM, Allen BL, McGavin MJ, Hook M. MSCRAMM-mediated adherence of 
microorganisms to host tissues. Annual review of microbiology. 1994;48:585-617. 
70 
 
49. Mazmanian SK, Liu G, Ton-That H, Schneewind O. Staphylococcus aureus sortase, 
an enzyme that anchors surface proteins to the cell wall. Science. 1999;285(5428):760-763. 
50. Lauderdale KJ, Boles BR, Cheung AL, Horswill AR. Interconnections between 
Sigma B, agr, and proteolytic activity in Staphylococcus aureus biofilm maturation. 
Infection and immunity. 2009;77(4):1623-1635. 
51. Jabbouri S, Sadovskaya I. Characteristics of the biofilm matrix and its role as a 
possible target for the detection and eradication of Staphylococcus epidermidis associated 
with medical implant infections. FEMS immunology and medical microbiology. 
2010;59(3):280-291. 
52. Dunman PM, Murphy E, Haney S, Palacios D, Tucker-Kellogg G, Wu S, Brown EL, 
Zagursky RJ, Shlaes D, Projan SJ. Transcription profiling-based identification of 
Staphylococcus aureus genes regulated by the agr and/or sarA loci. Journal of bacteriology. 
2001;183(24):7341-7353. 
53. Beenken KE, Mrak LN, Griffin LM, Zielinska AK, Shaw LN, Rice KC, Horswill 
AR, Bayles KW, Smeltzer MS. Epistatic relationships between sarA and agr in 
Staphylococcus aureus biofilm formation. PloS one. 2010;5(5):e10790. 
54. Archer NK, Mazaitis MJ, Costerton JW, Leid JG, Powers ME, Shirtliff ME. 
Staphylococcus aureus biofilms: properties, regulation, and roles in human disease. 
Virulence. 2011;2(5):445-459. 
55. O'Neill E, Pozzi C, Houston P, Smyth D, Humphreys H, Robinson DA, O'Gara JP. 
Association between methicillin susceptibility and biofilm regulation in Staphylococcus 
aureus isolates from device-related infections. Journal of clinical microbiology. 
2007;45(5):1379-1388. 
56. Sugimoto S, Iwamoto T, Takada K, Okuda K, Tajima A, Iwase T, Mizunoe Y. 
Staphylococcus epidermidis Esp Degrades Specific Proteins Associated with 
Staphylococcus aureus Biofilm Formation and Host-Pathogen Interaction. Journal of 
bacteriology. 2013;195(8):1645-1655. 
57. Cramton SE, Gerke C, Schnell NF, Nichols WW, Gotz F. The intercellular adhesion 
(ica) locus is present in Staphylococcus aureus and is required for biofilm formation. 
Infection and immunity. 1999;67(10):5427-5433. 
58. Cramton SE, Ulrich M, Gotz F, Doring G. Anaerobic conditions induce expression 
of polysaccharide intercellular adhesin in Staphylococcus aureus and Staphylococcus 
epidermidis. Infection and immunity. 2001;69(6):4079-4085. 
59. Ulrich M, Bastian M, Cramton SE, Ziegler K, Pragman AA, Bragonzi A, Memmi G, 
Wolz C, Schlievert PM, Cheung A, Doring G. The staphylococcal respiratory response 
regulator SrrAB induces ica gene transcription and polysaccharide intercellular adhesin 
expression, protecting Staphylococcus aureus from neutrophil killing under anaerobic 
growth conditions. Molecular microbiology. 2007;65(5):1276-1287. 
60. Jefferson KK, Cramton SE, Gotz F, Pier GB. Identification of a 5-nucleotide 
sequence that controls expression of the ica locus in Staphylococcus aureus and 
characterization of the DNA-binding properties of IcaR. Molecular microbiology. 
2003;48(4):889-899. 
61. Jefferson KK, Pier DB, Goldmann DA, Pier GB. The teicoplanin-associated locus 
regulator (TcaR) and the intercellular adhesin locus regulator (IcaR) are transcriptional 




62. Pamp SJ, Frees D, Engelmann S, Hecker M, Ingmer H. Spx is a global effector 
impacting stress tolerance and biofilm formation in Staphylococcus aureus. Journal of 
bacteriology. 2006;188(13):4861-4870. 
63. Cue D, Lei MG, Luong TT, Kuechenmeister L, Dunman PM, O'Donnell S, Rowe S, 
O'Gara JP, Lee CY. Rbf promotes biofilm formation by Staphylococcus aureus via 
repression of icaR, a negative regulator of icaADBC. Journal of bacteriology. 
2009;191(20):6363-6373. 
64. Merino N, Toledo-Arana A, Vergara-Irigaray M, Valle J, Solano C, Calvo E, Lopez 
JA, Foster TJ, Penades JR, Lasa I. Protein A-mediated multicellular behavior in 
Staphylococcus aureus. Journal of bacteriology. 2009;191(3):832-843. 
65. Houston P, Rowe SE, Pozzi C, Waters EM, O'Gara JP. Essential role for the major 
autolysin in the fibronectin-binding protein-mediated Staphylococcus aureus biofilm 
phenotype. Infection and immunity. 2011;79(3):1153-1165. 
66. Lasa I, Penades JR. Bap: a family of surface proteins involved in biofilm formation. 
Research in microbiology. 2006;157(2):99-107. 
67. Rice KC, Mann EE, Endres JL, Weiss EC, Cassat JE, Smeltzer MS, Bayles KW. The 
cidA murein hydrolase regulator contributes to DNA release and biofilm development in 
Staphylococcus aureus. Proceedings of the National Academy of Sciences of the United 
States of America. 2007;104(19):8113-8118. 
68. Eckhart L, Fischer H, Barken KB, Tolker-Nielsen T, Tschachler E. DNase1L2 
suppresses biofilm formation by Pseudomonas aeruginosa and Staphylococcus aureus. The 
British journal of dermatology. 2007;156(6):1342-1345. 
69. Mack D, Fischer W, Krokotsch A, Leopold K, Hartmann R, Egge H, Laufs R. The 
intercellular adhesin involved in biofilm accumulation of Staphylococcus epidermidis is a 
linear beta-1,6-linked glucosaminoglycan: purification and structural analysis. Journal of 
bacteriology. 1996;178(1):175-183. 
70. Sadovskaya I, Vinogradov E, Flahaut S, Kogan G, Jabbouri S. Extracellular 
carbohydrate-containing polymers of a model biofilm-producing strain, Staphylococcus 
epidermidis RP62A. Infection and immunity. 2005;73(5):3007-3017. 
71. Vinogradov E, Sadovskaya I, Li J, Jabbouri S. Structural elucidation of the 
extracellular and cell-wall teichoic acids of Staphylococcus aureus MN8m, a biofilm 
forming strain. Carbohydrate research. 2006;341(6):738-743. 
72. Gotz F. Staphylococcus and biofilms. Molecular microbiology. 2002;43(6):1367-
1378. 
73. Rupp ME, Fey PD, Heilmann C, Gotz F. Characterization of the importance of 
Staphylococcus epidermidis autolysin and polysaccharide intercellular adhesin in the 
pathogenesis of intravascular catheter-associated infection in a rat model. The Journal of 
infectious diseases. 2001;183(7):1038-1042. 
74. Wang X, Preston JF, 3rd, Romeo T. The pgaABCD locus of Escherichia coli 
promotes the synthesis of a polysaccharide adhesin required for biofilm formation. Journal 
of bacteriology. 2004;186(9):2724-2734. 
75. Izano EA, Sadovskaya I, Vinogradov E, Mulks MH, Velliyagounder K, Ragunath C, 
Kher WB, Ramasubbu N, Jabbouri S, Perry MB, Kaplan JB. Poly-N-acetylglucosamine 
mediates biofilm formation and antibiotic resistance in Actinobacillus pleuropneumoniae. 
Microbial pathogenesis. 2007;43(1):1-9. 
76. Izano EA, Sadovskaya I, Wang H, Vinogradov E, Ragunath C, Ramasubbu N, 
Jabbouri S, Perry MB, Kaplan JB. Poly-N-acetylglucosamine mediates biofilm formation 
72 
 
and detergent resistance in Aggregatibacter actinomycetemcomitans. Microbial 
pathogenesis. 2008;44(1):52-60. 
77. Gross M, Cramton SE, Gotz F, Peschel A. Key role of teichoic acid net charge in 
Staphylococcus aureus colonization of artificial surfaces. Infection and immunity. 
2001;69(5):3423-3426. 
78. Hussain M, Hastings JG, White PJ. Isolation and composition of the extracellular 
slime made by coagulase-negative staphylococci in a chemically defined medium. The 
Journal of infectious diseases. 1991;163(3):534-541. 
79. Sadovskaya I, Vinogradov E, Li J, Jabbouri S. Structural elucidation of the 
extracellular and cell-wall teichoic acids of Staphylococcus epidermidis RP62A, a reference 
biofilm-positive strain. Carbohydrate research. 2004;339(8):1467-1473. 
80. Baddiley J, Buchanan JG, Hardy FE, Martin RO, Rajbhandary UL, Sanderson AR. 
The structure of the ribitol teichoic acid of Staphylococcus aureus H. Biochimica et 
biophysica acta. 1961;52:406-407. 
81. Izano EA, Amarante MA, Kher WB, Kaplan JB. Differential roles of poly-N-
acetylglucosamine surface polysaccharide and extracellular DNA in Staphylococcus aureus 
and Staphylococcus epidermidis biofilms. Applied and environmental microbiology. 
2008;74(2):470-476. 
82. Rice KC, Mann EE, Endres JL, Weiss EC, Cassat JE, Smeltzer MS, Bayles KW. The 
cidA murein hydrolase regulator contributes to DNA release and biofilm development in 
Staphylococcus aureus. Proceedings of the National Academy of Sciences. 
2007;104(19):8113-8118. 
83. Sousa C, Henriques M, Teixeira P, Oliveira R. Relevance of Cell Wall and 
Extracellular Matrix Proteins to Staphylococcus Epidermidis Adhesion and Biofilm 
Formation. J Adhes Sci Technol. 2009;23(12):1657-1671. 
84. Lambris JD, Ricklin D, Geisbrecht BV. Complement evasion by human pathogens. 
Nat Rev Micro. 2008;6(2):132-142. 
85. Palma M, Shannon O, Quezada HC, Berg A, Flock JI. Extracellular fibrinogen-
binding protein, Efb, from Staphylococcus aureus blocks platelet aggregation due to its 
binding to the alpha-chain. The Journal of biological chemistry. 2001;276(34):31691-31697. 
86. Hussain M, Becker K, von Eiff C, Schrenzel J, Peters G, Herrmann M. Identification 
and characterization of a novel 38.5-kilodalton cell surface protein of Staphylococcus aureus 
with extended-spectrum binding activity for extracellular matrix and plasma proteins. 
Journal of bacteriology. 2001;183(23):6778-6786. 
87. Johnson M, Cockayne A, Morrissey JA. Iron-regulated biofilm formation in 
Staphylococcus aureus Newman requires ica and the secreted protein Emp. Infection and 
immunity. 2008;76(4):1756-1765. 
88. Cheng AG, Kim HK, Burts ML, Krausz T, Schneewind O, Missiakas DM. Genetic 
requirements for Staphylococcus aureus abscess formation and persistence in host tissues. 
FASEB journal : official publication of the Federation of American Societies for 
Experimental Biology. 2009;23(10):3393-3404. 
89. Geissler S, Gotz F, Kupke T. Serine protease EpiP from Staphylococcus epidermidis 
catalyzes the processing of the epidermin precursor peptide. Journal of bacteriology. 
1996;178(1):284-288. 
90. Dubin G, Chmiel D, Mak P, Rakwalska M, Rzychon M, Dubin A. Molecular cloning 




91. Teufel P, Gotz F. Characterization of an extracellular metalloprotease with elastase 
activity from Staphylococcus epidermidis. Journal of bacteriology. 1993;175(13):4218-
4224. 
92. Dziewanowska K, Edwards VM, Deringer JR, Bohach GA, Guerra DJ. Comparison 
of the beta-toxins from Staphylococcus aureus and Staphylococcus intermedius. Archives of 
biochemistry and biophysics. 1996;335(1):102-108. 
93. Miles G, Movileanu L, Bayley H. Subunit composition of a bicomponent toxin: 
staphylococcal leukocidin forms an octameric transmembrane pore. Protein science : a 
publication of the Protein Society. 2002;11(4):894-902. 
94. Genestier AL, Michallet MC, Prevost G, Bellot G, Chalabreysse L, Peyrol S, 
Thivolet F, Etienne J, Lina G, Vallette FM, Vandenesch F, Genestier L. Staphylococcus 
aureus Panton-Valentine leukocidin directly targets mitochondria and induces Bax-
independent apoptosis of human neutrophils. The Journal of clinical investigation. 
2005;115(11):3117-3127. 
95. Eboigbodin KE, Biggs CA. Characterization of the extracellular polymeric 
substances produced by Escherichia coli using infrared spectroscopic, proteomic, and 
aggregation studies. Biomacromolecules. 2008;9(2):686-695. 
96. Bannoehr J, Guardabassi L. Staphylococcus pseudintermedius in the dog: taxonomy, 
diagnostics, ecology, epidemiology and pathogenicity. Veterinary dermatology. 
2012;23(4):253-266, e251-252. 
97. Edwards VM, Deringer JR, Callantine SD, Deobald CF, Berger PH, Kapur V, 
Stauffacher CV, Bohach GA. Characterization of the canine type C enterotoxin produced by 
Staphylococcus intermedius pyoderma isolates. Infection and immunity. 1997;65(6):2346-
2352. 
98. Terauchi R, Sato H, Hasegawa T, Yamaguchi T, Aizawa C, Maehara N. Isolation of 
exfoliative toxin from Staphylococcus intermedius and its local toxicity in dogs. Veterinary 
microbiology. 2003;94(1):19-29. 
99. Couto N, Belas A, Seixas R, Oliveira M, Pomba C. Virulence factors, agr groups 
(alleles), biofilm-forming ability in methicillin-resistant and methicillin-susceptible 
Staphylococcus pseudintermedius. In: Abstracts of the 3rd ASM-ESCMID conference on 
Methicillin-resistant Staphylococci in Animals.  3rd ASM-ESCMID conference on 
Methicillin-resistant Staphylococci in Animals: Veterinary and Public Health Implications; 
2013; Copenhagen, Dennmark: American Society for Microbiology; 2013. p. 81. 
100. Frolund B, Palmgren R, Keiding K, Nielsen PH. Extraction of extracellular polymers 
from activated sludge using a cation exchange resin. Water Research. 1996;30(8):1749-
1758. 
101. Oliveira R, Marques F, Azeredo J. Purification of polysaccharides from a biofilm 
matrix by selective precipitation of proteins. Biotechnol Tech. 1999;13(6):391-393. 
102. Gharahdaghi F, Weinberg CR, Meagher DA, Imai BS, Mische SM. Mass 
spectrometric identification of proteins from silver-stained polyacrylamide gel: a method for 
the removal of silver ions to enhance sensitivity. Electrophoresis. 1999;20(3):601-605. 
103. Jensen ON, Larsen MR, Roepstorff P. Mass spectrometric identification and 
microcharacterization of proteins from electrophoretic gels: strategies and applications. 
Proteins. 1998;Suppl 2:74-89. 
104. Jungblut P, Thiede B. Protein identification from 2-DE gels by MALDI mass 
spectrometry. Mass spectrometry reviews. 1997;16(3):145-162. 
74 
 
105. Chiou S-H, Wu S-H. Evaluation of commonly used electrophoretic methods for the 
analysis of proteins and peptides and their application to biotechnology. Analytica chimica 
acta. 1999;383(1–2):47-60. 
106. Medzihradszky KF, Campbell JM, Baldwin MA, Falick AM, Juhasz P, Vestal ML, 
Burlingame AL. The Characteristics of Peptide Collision-Induced Dissociation Using a 
High-Performance MALDI-TOF/TOF Tandem Mass Spectrometer. Analytical chemistry. 
1999;72(3):552-558. 
107. Hillenkamp F, Karas M, Beavis RC, Chait BT. Matrix-assisted laser 
desorption/ionization mass spectrometry of biopolymers. Analytical chemistry. 
1991;63(24):1193A-1203A. 
108. Karas M, Hillenkamp F. Laser desorption ionization of proteins with molecular 
masses exceeding 10,000 daltons. Analytical chemistry. 1988;60(20):2299-2301. 
109. Gimon ME, Preston LM, Solouki T, White MA, Russell DH. Are proton transfer 
reactions of excited states involved in UV laser desorption ionization? Org Mass Spectrom. 
1992;27(7):827-830. 
110. Yates JR, 3rd. Mass spectrometry and the age of the proteome. Journal of mass 
spectrometry : JMS. 1998;33(1):1-19. 
111. Baldwin MA. Protein identification by mass spectrometry: issues to be considered. 
Molecular & cellular proteomics : MCP. 2004;3(1):1-9. 
112. Perkins DN, Pappin DJ, Creasy DM, Cottrell JS. Probability-based protein 
identification by searching sequence databases using mass spectrometry data. 
Electrophoresis. 1999;20(18):3551-3567. 
113. Pappin DJ, Hojrup P, Bleasby AJ. Rapid identification of proteins by peptide-mass 
fingerprinting. Current biology : CB. 1993;3(6):327-332. 
114. Brewis IA, Brennan P. Proteomics technologies for the global identification and 
quantification of proteins. Advances in protein chemistry and structural biology. 2010;80:1-
44. 
115. Steen H, Mann M. The ABC's (and XYZ's) of peptide sequencing. Nature reviews 
Molecular cell biology. 2004;5(9):699-711. 
116. Allwood JW, Goodacre R. An introduction to liquid chromatography-mass 
spectrometry instrumentation applied in plant metabolomic analyses. Phytochemical 
analysis : PCA. 2010;21(1):33-47. 
117. Meyer VR. Practical High-Performance Liquid Chromatography: Wiley; 2004. 
118. Tomer KB. Separations combined with mass spectrometry. Chem Rev. 
2001;101(2):297-328. 
119. Hernandez-Borges J, D'Orazio G, Aturki Z, Fanali S. Nano-liquid chromatography 
analysis of dansylated biogenic amines in wines. Journal of Chromatography A. 
2007;1147(2):192-199. 
120. Romanyshyn LA, Tiller PR. Ultra-short columns and ballistic gradients: 
considerations for ultra-fast chromatographic liquid chromatographic-tandem mass 
spectrometric analysis. Journal of chromatography A. 2001;928(1):41-51. 
121. Novakova L, Solichova D, Solich P. Advantages of ultra performance liquid 
chromatography over high-performance liquid chromatography: comparison of different 
analytical approaches during analysis of diclofenac gel. Journal of separation science. 
2006;29(16):2433-2443. 
122. Kinter M, Sherman NE. Fundamental Mass Spectrometry.  Protein Sequencing and 
Identification Using Tandem Mass Spectrometry: John Wiley & Sons, Inc.; 2005. p. 29-63. 
75 
 
123. Shevchenko A, Wilm M, Vorm O, Mann M. Mass spectrometric sequencing of 
proteins silver-stained polyacrylamide gels. Analytical chemistry. 1996;68(5):850-858. 
124. Kinter M, Sherman NE. Mass Spectrometric Analysis of Tryptic Digests.  Protein 
Sequencing and Identification Using Tandem Mass Spectrometry: John Wiley & Sons, Inc.; 
2005. p. 166-206. 
125. GmbH BD. ProteinScape 3.1 User Manual2012. 
126. Couto N, Belas A, Couto I, Perreten V, Pomba C. Genetic relatedness, antimicrobial 
and biocide susceptibility comparative analysis of methicillin-resistant and -susceptible 
Staphylococcus pseudintermedius from Portugal. Microbial drug resistance (Larchmont, 
NY). 2014;20(4):364-371. 
127. Stepanovic S, Vukovic D, Hola V, Di Bonaventura G, Djukic S, Cirkovic I, Ruzicka 
F. Quantification of biofilm in microtiter plates: overview of testing conditions and practical 
recommendations for assessment of biofilm production by staphylococci. APMIS : acta 
pathologica, microbiologica, et immunologica Scandinavica. 2007;115(8):891-899. 
128. Allison DG, Sutherland IW. A staining technique for attached bacteria and its 
correlation to extracellular carbohydrate production. Journal of microbiological methods. 
1984;2(2):93-99. 
129. Couto N. S. pseudintermedius 5819/10 growth conditions-personal communication. 
2014. 
130. Muszanska AK, Nejadnik MR, Chen Y, van den Heuvel ER, Busscher HJ, van der 
Mei HC, Norde W. Bacterial adhesion forces with substratum surfaces and the susceptibility 
of biofilms to antibiotics. Antimicrobial agents and chemotherapy. 2012;56(9):4961-4964. 
131. Harrison-Balestra C, Cazzaniga AL, Davis SC, Mertz PM. A wound-isolated 
Pseudomonas aeruginosa grows a biofilm in vitro within 10 hours and is visualized by light 
microscopy. Dermatol Surg. 2003;29(6):631-635. 
132. Hill KE, Malic S, McKee R, Rennison T, Harding KG, Williams DW, Thomas DW. 
An in vitro model of chronic wound biofilms to test wound dressings and assess 
antimicrobial susceptibilities. The Journal of antimicrobial chemotherapy. 2010;65(6):1195-
1206. 
133. Pellicer-Nàcher C, Domingo-Félez C, Mutlu AG, Smets BF. Critical assessment of 
extracellular polymeric substances extraction methods from mixed culture biomass. Water 
Research. 2013;47(15):5564-5574. 
134. Toyofuku M, Roschitzki B, Riedel K, Eberl L. Identification of proteins associated 
with the Pseudomonas aeruginosa biofilm extracellular matrix. Journal of proteome 
research. 2012;11(10):4906-4915. 
135. Resch A, Leicht S, Saric M, Pasztor L, Jakob A, Gotz F, Nordheim A. Comparative 
proteome analysis of Staphylococcus aureus biofilm and planktonic cells and correlation 
with transcriptome profiling. Proteomics. 2006;6(6):1867-1877. 
136. Mayrand D, Grenier D. Biological activities of outer membrane vesicles. Canadian 
journal of microbiology. 1989;35(6):607-613. 
137. Williamson KS, Richards LA, Perez-Osorio AC, Pitts B, McInnerney K, Stewart PS, 
Franklin MJ. Heterogeneity in Pseudomonas aeruginosa biofilms includes expression of 
ribosome hibernation factors in the antibiotic-tolerant subpopulation and hypoxia-induced 
stress response in the metabolically active population. Journal of bacteriology. 
2012;194(8):2062-2073. 
138. Mrak LN, Zielinska AK, Beenken KE, Mrak IN, Atwood DN, Griffin LM, Lee CY, 
Smeltzer MS. saeRS and sarA act synergistically to repress protease production and promote 
biofilm formation in Staphylococcus aureus. PloS one. 2012;7(6):e38453. 
76 
 
139. Johnson M, Sengupta M, Purves J, Tarrant E, Williams PH, Cockayne A, Muthaiyan 
A, Stephenson R, Ledala N, Wilkinson BJ, Jayaswal RK, Morrissey JA. Fur is required for 
the activation of virulence gene expression through the induction of the sae regulatory 
system in Staphylococcus aureus. International journal of medical microbiology : IJMM. 
2011;301(1):44-52. 
140. Farrand AJ, Reniere ML, Ingmer H, Frees D, Skaar EP. Regulation of host 
hemoglobin binding by the Staphylococcus aureus Clp proteolytic system. Journal of 
bacteriology. 2013;195(22):5041-5050. 
141. Harraghy N, Kormanec J, Wolz C, Homerova D, Goerke C, Ohlsen K, Qazi S, Hill 
P, Herrmann M. sae is essential for expression of the staphylococcal adhesins Eap and Emp. 
Microbiology. 2005;151(Pt 6):1789-1800. 
142. Steinhuber A, Goerke C, Bayer MG, Döring G, Wolz C. Molecular architecture of 
the regulatory Locus sae of Staphylococcus aureus and its impact on expression of virulence 
factors. Journal of bacteriology. 2003;185(21):6278-6286. 
143. Giraudo AT, Rampone H, Calzolari A, Nagel R. Phenotypic characterization and 
virulence of a sae- agr- mutant of Staphylococcus aureus. Canadian journal of microbiology. 
1996;42(2):120-123. 
144. Giraudo AT, Raspanti CG, Calzolari A, Nagel R. Characterization of a Tn551-mutant 
of Staphylococcus aureus defective in the production of several exoproteins. Canadian 
journal of microbiology. 1994;40(8):677-681. 
145. Goerke C, Fluckiger U, Steinhuber A, Zimmerli W, Wolz C. Impact of the regulatory 
loci agr, sarA and sae of Staphylococcus aureus on the induction of alpha-toxin during 
device-related infection resolved by direct quantitative transcript analysis. Molecular 
microbiology. 2001;40(6):1439-1447. 
146. Grigg JC, Vermeiren CL, Heinrichs DE, Murphy ME. Haem recognition by a 
Staphylococcus aureus NEAT domain. Molecular microbiology. 2007;63(1):139-149. 
147. Luong TT, Newell SW, Lee CY. Mgr, a novel global regulator in Staphylococcus 
aureus. Journal of bacteriology. 2003;185(13):3703-3710. 
148. Luong TT, Lee CY. Overproduction of type 8 capsular polysaccharide augments 
Staphylococcus aureus virulence. Infection and immunity. 2002;70(7):3389-3395. 
149. Pragman AA, Ji Y, Schlievert PM. Repression of Staphylococcus aureus SrrAB using 
inducible antisense srrA alters growth and virulence factor transcript levels. Biochemistry. 
2007;46(1):314-321. 
150. Fuchs S, Pane-Farre J, Kohler C, Hecker M, Engelmann S. Anaerobic gene 
expression in Staphylococcus aureus. Journal of bacteriology. 2007;189(11):4275-4289. 
151. Kuroda M, Kuwahara-Arai K, Hiramatsu K. Identification of the up- and down-
regulated genes in vancomycin-resistant Staphylococcus aureus strains Mu3 and Mu50 by 
cDNA differential hybridization method. Biochemical and biophysical research 
communications. 2000;269(2):485-490. 
152. Kuroda M, Kuroda H, Oshima T, Takeuchi F, Mori H, Hiramatsu K. Two-component 
system VraSR positively modulates the regulation of cell-wall biosynthesis pathway in 
Staphylococcus aureus. Molecular microbiology. 2003;49(3):807-821. 
153. Siboo IR, Chambers HF, Sullam PM. Role of SraP, a Serine-Rich Surface Protein of 
Staphylococcus aureus, in binding to human platelets. Infection and immunity. 
2005;73(4):2273-2280. 
154. Siboo IR, Chambers HF, Sullam PM. Role of SraP, a Serine-Rich Surface Protein of 




155. Roche FM, Downer R, Keane F, Speziale P, Park PW, Foster TJ. The N-terminal A 
domain of fibronectin-binding proteins A and B promotes adhesion of Staphylococcus 
aureus to elastin. The Journal of biological chemistry. 2004;279(37):38433-38440. 
156. Nakakido M, Aikawa C, Nakagawa I, Tsumoto K. The staphylococcal elastin-
binding protein regulates zinc-dependent growth/biofilm formation. Journal of biochemistry. 
2014;156(3):155-162. 
157. Conrady DG, Wilson JJ, Herr AB. Structural basis for Zn2+-dependent intercellular 
adhesion in staphylococcal biofilms. Proceedings of the National Academy of Sciences of 
the United States of America. 2013;110(3):E202-211. 
158. Paganelli FL, Willems RJ, Jansen P, Hendrickx A, Zhang X, Bonten MJ, Leavis HL. 
Enterococcus faecium biofilm formation: identification of major autolysin AtlAEfm, 
associated Acm surface localization, and AtlAEfm-independent extracellular DNA Release. 
mBio. 2013;4(2):e00154. 
159. Grundling A, Schneewind O. Synthesis of glycerol phosphate lipoteichoic acid in 
Staphylococcus aureus. Proceedings of the National Academy of Sciences of the United 
States of America. 2007;104(20):8478-8483. 
160. Lyon WR, Caparon MG. Role for serine protease HtrA (DegP) of Streptococcus 
pyogenes in the biogenesis of virulence factors SpeB and the hemolysin streptolysin S. 






5.1 Protein Quantitation Data 
 
Table 7- Calibration Curve Data used for the protein quantitation assay. On the left there’s absorbance (Abs) measured for 4 standards and a blank and on the calibration curve parameters follow the y=mX+b equation. 
Calibration Curve 




Abs. m b R2 
P1 0 0,886 
-0,00738 0,8732 0,994034113 
P2 10 0,786 
P3 20 0,721 
P4 30 0,650 
P5 40 0,585 
 
Table 8- Protein quantitation data for the replicates used in the GeLC-MS/MS analysis. The number in front of the replicate code (ex: PD I2 10 nº) refers to the volume of sample (µL)  that was pipetted onto the 96-well plate for measurement. 
 Quantitation 








PD I2 10 5 0,771  13,8 5 2,8 
1,9 
PD I2 10 10 0,809  8,7 10 0,9 
PD I3 10 5 0,799  10,0 5 2,0 
1,8 
PD I3 10 10 0,756  15,9 10 1,6 
PD I1 100 5 0,723  20,4 5 4,1 
2,8 
PD I1 100 10 0,762  15,1 10 1,5 
 79 
 
PD I2 100 5 0,777  13,0 5 2,6 
2.1 
PD I2 100 10 0,764  14,8 10 1,5 
 
 
5.2 LC-MS/MS data from the identified proteins 
 
Table 9-Descritpion of abbreviations, color codes and technical terminology used on table 10. 
Color code 
  Directly Identified and annotated proteins 
  Blasted and successfully annotated proteins 
  Proteins without annotation or identifcation 
Abbreviations used (data from ProteinScape 3.1 User Manual and Uniprot Fasta Headers webpage) 
Accession Database accession name 
pI Isoelectric point of protein 
#Alt. 
Proteins 
Number of similar proteins  
Scores Protein score in the format score (M: Mascot score) 
#Peptides Number of peptides identified 
SC [%] Sequence coverage (%) 
RMS90 
[ppm] 
Deviation from predicted mass (root mean square with 90% confidence value) 
OS Scientific name of the organism of the UniProtKB entry 
GN Gene Name is the first of the UniprotKB entry 
PE Protein Existence gives a numerical value describing the evidence for the existence of the protein 
SV Sequence Version is the version number of the sequence 






























2 2,7 4,09 
tr|F0P591|F0P591_S
TAPE 






5 47,4 4,54 
tr|F0P8X4|F0P8X4_
STAPE 






2 16,3 394,47 
tr|F0P795|F0P795_S
TAPE 






11 51,7 2,66 
tr|F0P7D8|F0P7D8_
STAPE 
1-deoxy-D-xylulose 5-phosphate reductoisomerase OS=Staphylococcus pseudintermedius (strain ED99) GN=dxr PE=3 SV=1 42,1 5 2 
267.4 
(M:267.4) 
6 17,3 3,27 
tr|F0P5F8|F0P5F8_
STAPE 






7 12,1 5,46 
tr|F0P8L5|F0P8L5_S
TAPE 






5 10,7 402,73 
tr|F0P6E0|F0P6E0_
STAPE 






2 15,5 272,14 
tr|F0P8C3|F0P8C3_
STAPE 






12 63,6 2,47 
tr|F0P852|F0P852_S
TAPE 






15 32,1 3,88 
tr|F0P8W4|F0P8W4
_STAPE 






18 46,8 120,91 
tr|F0P369|F0P369_S
TAPE 






6 23,5 1,83 
tr|F0P6C2|F0P6C2_
STAPE 






9 12,1 167,93 
tr|F0P6C3|F0P6C3_
STAPE 
2-oxoglutarate dehydrogenase, E2 component, dihydrolipoamide succinyltransferase OS=Staphylococcus pseudintermedius (strain ED99) GN=sucB PE=3 SV=1 46,4 5 3 
298.1 
(M:298.1) 





2-oxoisovalerate dehydrogenase subunit beta OS=Staphylococcus pseudintermedius (strain ED99) GN=SPSE_1284 PE=4 SV=1 35,6 5 1 
167.8 
(M:167.8) 
3 10,7 2,36 
tr|F0P6L8|F0P6L8_S
TAPE 






5 33,3 4,64 
sp|Q5HDY3|RS11_S
TAAC 






6 26,4 2,6 
tr|F0P4L1|F0P4L1_S
TAPE 






2 5,1 4,58 
tr|F0P8X0|F0P8X0_
STAPE 






4 23,4 6,54 
tr|F0P3C0|F0P3C0_
STAPE 






12 59,5 6,24 
sp|Q5HDX1|RS14Z_
STAAC 






1 11,5 3,4 
sp|Q5HGF8|RS15_S
TAAC 






2 14,6 5,81 
tr|F0P7G8|F0P7G8_
STAPE 
30S ribosomal protein S16 OS=Staphylococcus pseudintermedius (strain ED99) GN=rpsP PE=3 SV=1 10,2 10 2 
381.6 
(M:381.6) 
6 60,4 4,11 
tr|F0P6M8|F0P6M8
_STAPE 






2 20,7 6,78 
tr|F0P994|F0P994_S
TAPE 






1 10 9,9 
tr|F0P6M3|F0P6M3
_STAPE 
30S ribosomal protein S19 OS=Staphylococcus pseudintermedius (strain ED99) GN=rpsS PE=3 SV=1 10,6 10 2 
215.9 
(M:215.9) 
5 35,9 346,75 
tr|F0P7E4|F0P7E4_
STAPE 






18 46,8 3,7 
tr|F0P6M5|F0P6M5
_STAPE 






11 52,5 2,63 
tr|F0P3I3|F0P3I3_S
TAPE 






14 52,5 3,72 
tr|F0P3B3|F0P3B3_
STAPE 






17 69,3 4,72 
tr|F0P996|F0P996_S
TAPE 
30S ribosomal protein S6 OS=Staphylococcus pseudintermedius (strain ED99) GN=rpsF PE=3 SV=1 11,7 5 2 
474.0 
(M:474.0) 
8 65,3 3,29 
tr|F0P8W9|F0P8W9
_STAPE 
30S ribosomal protein S7 OS=Staphylococcus pseudintermedius (strain ED99) GN=rpsG PE=3 SV=1 17,8 10 2 
613.9 
(M:613.9) 
11 50,6 4,76 
tr|F0P6N3|F0P6N3_
STAPE 






17 67,4 3,63 
tr|F0P3C9|F0P3C9_
STAPE 






2 14,4 5,05 
tr|F0P916|F0P916_S
TAPE 






6 27,6 2,92 
tr|F0P6S1|F0P6S1_S
TAPE 
3'-5' exoribonuclease YhaM OS=Staphylococcus pseudintermedius (strain ED99) GN=cbf1 PE=4 SV=1 35,9 6 2 
334.1 
(M:334.1) 











2 5,6 517,49 
tr|F0P7L1|F0P7L1_S
TAPE 






3 19,7 5,02 
tr|F0P786|F0P786_S
TAPE 






11 23,4 5,37 
tr|F0P8D5|F0P8D5_
STAPE 






6 34,9 1,63 
tr|F0P4D8|F0P4D8_
STAPE 






5 29,3 4,08 
tr|E8SFB9|E8SFB9_
STAPH 






4 27,2 5,81 
tr|E8SI87|E8SI87_ST
APH 






4 14,8 1,06 
tr|F0P5Y6|F0P5Y6_S
TAPE 






2 9,9 927,33 
tr|F0P7I6|F0P7I6_S
TAPE 






12 55,5 151,5 
tr|F0P8J2|F0P8J2_S
TAPE 
3-oxoacyl-[acyl-carrier-protein] synthase 2 OS=Staphylococcus pseudintermedius (strain ED99) GN=fabF PE=3 SV=1 43,5 5 2 
640.2 
(M:640.2) 
10 41,8 255,37 
tr|F0P8J3|F0P8J3_S
TAPE 






3 13,1 3,07 
tr|E8SHF2|E8SHF2_
STAPH 






3 6,3 4,21 
tr|F0P9J3|F0P9J3_S
TAPE 






3 13,1 468,52 
tr|F0P4N6|F0P4N6_
STAPE 






8 26,4 4,61 
tr|F0P4N0|F0P4N0_
STAPE 






3 7,8 5,2 
tr|E8SH09|E8SH09_
STAPH 






3 12,5 5,29 
tr|F0P6E2|F0P6E2_
STAPE 






3 14,4 1,24 
tr|F0P8R7|F0P8R7_
STAPE 






3 21,3 1,5 
tr|F0P7Y7|F0P7Y7_S
TAPE 






2 3 6,41 
tr|F0P8X7|F0P8X7_
STAPE 






19 55,8 3,15 
tr|F0P8X6|F0P8X6_
STAPE 






11 60,2 3,69 
tr|F0P8X8|F0P8X8_
STAPE 

















19 82,8 4,34 
tr|F0P6M9|F0P6M9
_STAPE 






9 50,8 3,96 
tr|F0P3B5|F0P3B5_
STAPE 






8 33,6 7,18 
tr|F0P6M6|F0P6M6
_STAPE 






5 43,8 5,88 
tr|F0P3C3|F0P3C3_
STAPE 
50S ribosomal protein L17 OS=Staphylococcus pseudintermedius (strain ED99) GN=rplQ PE=3 SV=1 13,7 10 1 
269.7 
(M:269.7) 
4 34,4 2,35 
tr|F0P3B2|F0P3B2_
STAPE 
50S ribosomal protein L18 OS=Staphylococcus pseudintermedius (strain ED99) GN=rplR PE=3 SV=1 13,2 10 1 
601.9 
(M:601.9) 
9 53,8 4,41 
tr|F0P6M2|F0P6M2
_STAPE 






2 7,2 4,31 
tr|F0P3M6|F0P3M6
_STAPE 






6 41,5 3,83 
tr|F0P3P6|F0P3P6_
STAPE 






10 76,5 1,74 
tr|F0P6M4|F0P6M4
_STAPE 






8 70,1 5,15 
tr|F0P6M1|F0P6M1
_STAPE 






8 61,5 4,33 
tr|F0P6N0|F0P6N0_
STAPE 






4 23,1 5,5 
tr|F0P927|F0P927_S
TAPE 






7 28,7 1,33 
tr|F0P3P8|F0P3P8_
STAPE 






4 39,4 3,43 
tr|F0P7J5|F0P7J5_S
TAPE 
50S ribosomal protein L28 OS=Staphylococcus pseudintermedius (strain ED99) GN=rpmB PE=3 SV=1 7 12 2 
64.7 
(M:64.7) 
2 27,4 9,16 
tr|F0P6M7|F0P6M7
_STAPE 






4 55,1 1,33 
tr|F0P6L9|F0P6L9_S
TAPE 






14 45,7 112,52 
tr|F0P3B4|F0P3B4_
STAPE 






6 74,6 5,11 
tr|F0P4B6|F0P4B6_
STAPE 






13 86,9 5,71 
tr|F0P3B9|F0P3B9_
STAPE 






2 54,1 636,92 
tr|F0P6M0|F0P6M0
_STAPE 






8 27,1 2,69 
tr|F0P6N1|F0P6N1_
STAPE 

















15 51,1 3,34 
tr|F0P8X5|F0P8X5_
STAPE 






12 92,6 4,74 
tr|F0P4P7|F0P4P7_
STAPE 






7 42,6 4,25 
tr|E8SJB3|E8SJB3_S
TAPH 






7 44,5 2,38 
tr|F0P592|F0P592_S
TAPE 






37 65,1 5,4 
tr|E8SIY2|E8SIY2_ST
APH 








6 9,2 6,2 
tr|F0P8D4|F0P8D4_
STAPE 






2 12,1 7,27 
tr|F0P3K7|F0P3K7_
STAPE 






13 34,8 3,24 
tr|F0P5H0|F0P5H0_
STAPE 






26 57,8 76,68 
tr|E8SK67|E8SK67_S
TAPH 
6-phosphogluconolactonase OS=Staphylococcus pseudintermedius (strain HKU10-03) GN=SPSINT_1674 PE=4 SV=1 39 5 3 
479.1 
(M:479.1) 
11 31,8 163,38 
tr|F0P9D0|F0P9D0_
STAPE 






3 18,6 269,29 
tr|F0P5V9|F0P5V9_
STAPE 






3 9,3 3,43 
tr|F0P418|F0P418_S
TAPE 






4 10,6 312,69 
tr|E8SIW7|E8SIW7_S
TAPH 






22 59 5,3 
tr|F0P4I5|F0P4I5_S
TAPE 






2 20,3 2,72 
tr|F0P5F2|F0P5F2_
STAPE 






5 10,6 435,57 
tr|E8SIV5|E8SIV5_S
TAPH 






4 14,6 4,78 
tr|F0P3K5|F0P3K5_
STAPE 
Acetyl-coenzyme A carboxylase carboxyl transferase subunit beta OS=Staphylococcus pseudintermedius (strain ED99) GN=accD PE=3 SV=1 31,9 6 2 
388.6 
(M:388.6) 
10 31,8 4,69 
tr|F0P9S4|F0P9S4_S
TAPE 
acetyltransferase 9,9 6 2 
97.2 
(M:97.2) 
2 18,7 5,25 
tr|F0P520|F0P520_S
TAPE 






4 22,7 5,05 
tr|F0P8J5|F0P8J5_S
TAPE 






3 10 2,96 
tr|F0P6W1|F0P6W1
_STAPE 

















2 31,2 4,46 
tr|B1GVE3|B1GVE3
_9STAP 






2 19,7 1,67 
tr|F0P6D2|F0P6D2_
STAPE 






3 36,7 6,89 
tr|F0P3Q8|F0P3Q8_
STAPE 






2 12,8 1,21 
tr|F0P3B7|F0P3B7_
STAPE 






15 54,4 3,82 
tr|F0P616|F0P616_S
TAPE 






4 8,8 466,55 
tr|E8SHP3|E8SHP3_
STAPH 






9 20,6 4,53 
tr|F0P5H9|F0P5H9_
STAPE 






7 37,8 384,96 
tr|E8SGK6|E8SGK6_
STAPH 






18 33,5 4,82 
tr|T2I4H1|T2I4H1_9
STAP 






11 28,6 4,24 
tr|F0P549|F0P549_S
TAPE 






4 13,1 259,15 
tr|E8SIG8|E8SIG8_S
TAPH 






19 21,9 232,16 
tr|E8SFE2|E8SFE2_
STAPH 






7 27,2 3,78 
tr|F0P4B3|F0P4B3_
STAPE 
aldehyde dehydrogenase 52 5 2 
1650.6 
(M:1650.6) 
25 69,2 63,36 
tr|F0P5Z1|F0P5Z1_S
TAPE 






4 9,7 7,03 
tr|F0P3L2|F0P3L2_S
TAPE 






3 17,9 490,69 
tr|F0P3F3|F0P3F3_
STAPE 






15 81,6 5,3 
tr|F0P984|F0P984_S
TAPE 






11 66,1 4,35 
tr|F0P985|F0P985_S
TAPE 






7 23,7 140,73 
tr|E8SGB7|E8SGB7_
STAPH 






3 34,5 321,22 
tr|F0P4I4|F0P4I4_S
TAPE 
Allophanate hydrolase subunit 2 OS=Staphylococcus pseudintermedius (strain ED99) GN=SPSE_1185 PE=4 SV=1 38 9 1 
53.5 
(M:53.5) 
2 5,9 8,19 
tr|F0P703|F0P703_S
TAPE 











Amidohydrolase family protein OS=Staphylococcus pseudintermedius (strain ED99) GN=SPSE_0490 PE=4 SV=1 42,4 5 1 
117.2 
(M:117.2) 
3 6,6 4,24 
tr|F0P3Y0|F0P3Y0_S
TAPE 






2 5,5 4,68 
tr|F0P6F0|F0P6F0_
STAPE 






5 11,6 393,95 
tr|F0P6E9|F0P6E9_
STAPE 






7 16,9 2,49 
tr|G4XUK6|G4XUK6
_9STAP 






8 26,1 4,95 
tr|F0P654|F0P654_S
TAPE 






7 21,2 3,71 
tr|F0P357|F0P357_S
TAPE 






2 3,2 4,63 
tr|F0P554|F0P554_S
TAPE 






4 30,6 2,36 
tr|F0P553|F0P553_S
TAPE 






3 21,3 5 
tr|E8SE31|E8SE31_S
TAPH 






4 14 6,13 
tr|F0P5F9|F0P5F9_
STAPE 






6 48 2,73 
tr|F0P879|F0P879_S
TAPE 






15 31 215,12 
tr|F0P829|F0P829_S
TAPE 






10 62,2 5,69 
tr|F0P691|F0P691_S
TAPE 






14 32,1 4,53 
tr|E8SK80|E8SK80_S
TAPH 






2 4,7 7,45 
tr|F0P7L9|F0P7L9_S
TAPE 






2 7,2 5,03 
tr|F0P6E3|F0P6E3_
STAPE 
Aspartate-semialdehyde dehydrogenase OS=Staphylococcus pseudintermedius (strain ED99) GN=asd PE=3 SV=1 35,8 5 2 
100.0 
(M:100.0) 
2 6,4 4,09 
tr|F0P4G2|F0P4G2_
STAPE 






21 33,8 4,79 
tr|F0P6Y3|F0P6Y3_S
TAPE 






5 11,1 283,96 
tr|F0P626|F0P626_S
TAPE 
Aspartyl/glutamyl-tRNA(Asn/Gln) amidotransferase subunit B OS=Staphylococcus pseudintermedius (strain ED99) GN=gatB PE=3 SV=1 53,3 5 2 
837.6 
(M:837.6) 
19 40,4 5 
tr|F0P4D4|F0P4D4_
STAPE 






4 35,8 1,56 
tr|F0P4D2|F0P4D2_
STAPE 

















21 43,7 3,1 
tr|F0P4C9|F0P4C9_
STAPE 






5 25,6 5,51 
tr|F0P4D3|F0P4D3_
STAPE 






34 79,4 99,84 
tr|E8SKP1|E8SKP1_
STAPH 






3 17,9 704,77 
tr|F0P900|F0P900_S
TAPE 






7 21,6 4,22 
tr|F0P3H1|F0P3H1_
STAPE 






3 9 322,51 
tr|F0P8J6|F0P8J6_S
TAPE 






10 12,3 5,62 
tr|F0P8Z9|F0P8Z9_S
TAPE 






13 19,5 4,92 
tr|F0P3N0|F0P3N0_
STAPE 






8 28,6 265,02 
tr|E8SKE3|E8SKE3_
STAPH 
ATP-dependent Clp protease proteolytic subunit OS=Staphylococcus pseudintermedius (strain HKU10-03) GN=clpP PE=3 SV=1 21,4 5 2 
492.7 
(M:492.7) 
9 26,2 1,74 
tr|E8SK52|E8SK52_S
TAPH 






3 5,2 4,19 
tr|F0P7E6|F0P7E6_
STAPE 






15 35,2 148,51 
tr|E8SIP7|E8SIP7_S
TAPH 






11 15,5 5,37 
tr|F0P7U5|F0P7U5_
STAPE 






42 33,4 5,2 
tr|F0P8E1|F0P8E1_
STAPE 






5 20,3 3,54 
tr|F0P4G8|F0P4G8_
STAPE 






3 9,5 1,18 
tr|F0P396|F0P396_S
TAPE 
Betaine aldehyde dehydrogenase OS=Staphylococcus pseudintermedius (strain ED99) GN=betB PE=3 SV=1 54,8 5 3 
814.3 
(M:814.3) 
18 50,1 91,18 
tr|F0P9Q8|F0P9Q8_
STAPE 






4 19,2 2,58 
tr|F0P3Y7|F0P3Y7_S
TAPE 






8 29,8 5,64 
tr|F0P929|F0P929_S
TAPE 






8 30,4 257,44 
tr|F0P7M1|F0P7M1
_STAPE 






3 16,7 5,12 
tr|F0P3X7|F0P3X7_
STAPE 

















5 15,8 5,81 
tr|E8SEX0|E8SEX0_
STAPH 






5 15,3 370,73 
tr|F0P727|F0P727_S
TAPE 






2 11,1 4,78 
tr|F0P7L6|F0P7L6_S
TAPE 
Carbamoyl-phosphate synthase large chain OS=Staphylococcus pseudintermedius (strain ED99) GN=carB PE=3 SV=1 116,6 5 2 
1156.5 
(M:1156.5) 
25 20,9 6,33 
tr|F0P7L7|F0P7L7_S
TAPE 






9 29,5 3,62 
tr|F0P649|F0P649_S
TAPE 
carbonic anhydrase 21,5 5 2 
95.5 
(M:95.5) 
3 17,6 372,36 
tr|F0P848|F0P848_S
TAPE 






2 8,9 598,53 
tr|F0P787|F0P787_S
TAPE 






14 38 3,75 
tr|F0P5Q2|F0P5Q2_
STAPE 






24 58,3 99,03 
tr|E8SIB7|E8SIB7_S
TAPH 






2 11,7 3,58 
tr|F0P7M5|F0P7M5
_STAPE 






9 39,7 2,94 
tr|F0P7P0|F0P7P0_
STAPE 






14 33,3 166,05 
tr|E8SJ87|E8SJ87_S
TAPH 






2 2,7 7,39 
tr|F0P7P6|F0P7P6_
STAPE 






1 10,2 4,15 
tr|F0P7N9|F0P7N9_
STAPE 






18 50 4,48 
sp|Q5HGP2|SEPF_S
TAAC 






3 15 2,7 
tr|E8SIR2|E8SIR2_S
TAPH 






4 20,5 319,32 
tr|F0P4Y8|F0P4Y8_S
TAPE 






6 32,1 2,41 
tr|E8SK62|E8SK62_S
TAPH 






3 6,8 5,69 
tr|E8SID3|E8SID3_S
TAPH 






6 21,5 4,25 
tr|F0P4K7|F0P4K7_
STAPE 






38 63,8 75,52 
tr|F0P3Y9|F0P3Y9_S
TAPE 

















6 17,2 3,31 
tr|E8SHQ9|E8SHQ9
_STAPH 






6 10,5 6,33 
tr|F0P9T3|F0P9T3_S
TAPE 






5 18,4 273,74 
tr|F0P3K9|F0P3K9_
STAPE 






6 16,4 5,56 
tr|F0P8K1|F0P8K1_
STAPE 






8 17 4,35 
tr|F0P8E5|F0P8E5_
STAPE 
Cof-like hydrolase OS=Staphylococcus pseudintermedius (strain ED99) GN=SPSE_2223 PE=4 SV=1 31,7 5 2 
364.3 
(M:364.3) 
6 28,8 4,28 
tr|F0P8L8|F0P8L8_S
TAPE 






4 60,6 3,81 
tr|F0P6D4|F0P6D4_
STAPE 






5 50 237,65 
tr|F0P6E5|F0P6E5_
STAPE 






3 10,6 2,88 
tr|F0P6A7|F0P6A7_
STAPE 






3 9,7 3,59 
tr|F0P4A6|F0P4A6_
STAPE 
CTP synthase OS=Staphylococcus pseudintermedius (strain ED99) GN=pyrG PE=3 SV=1 60,2 5 2 
533.1 
(M:533.1) 
11 27,2 4,84 
tr|F0P9M7|F0P9M7
_STAPE 






6 15 4,26 
tr|F0P817|F0P817_S
TAPE 






7 22,3 3,23 
tr|F0P915|F0P915_S
TAPE 






25 77 2,16 
tr|F0P9M8|F0P9M8
_STAPE 






7 26,9 266,52 
tr|F0P8Y6|F0P8Y6_S
TAPE 
Cysteine--tRNA ligase OS=Staphylococcus pseudintermedius (strain ED99) GN=cysS PE=3 SV=1 53,7 5 2 
296.9 
(M:296.9) 
6 13,7 3,44 
tr|F0P8U3|F0P8U3_
STAPE 






3 10,1 8,14 
tr|F0P4M0|F0P4M0
_STAPE 






6 49,6 4,27 
tr|F0P5J6|F0P5J6_S
TAPE 






6 32 2,08 
tr|F0P8N3|F0P8N3_
STAPE 






3 6,1 348,23 
tr|F0P797|F0P797_S
TAPE 






4 12,1 231,37 
tr|F0P7J3|F0P7J3_S
TAPE 

















16 72 2,77 
tr|F0P4F5|F0P4F5_
STAPE 
D-alanine--D-alanine ligase OS=Staphylococcus pseudintermedius (strain ED99) GN=ddl PE=3 SV=1 39,9 5 2 
404.7 
(M:404.7) 
10 31,5 5,13 
tr|E8SER8|E8SER8_
STAPH 






6 12,6 5,1 
tr|F0P7Z1|F0P7Z1_S
TAPE 






1 19,2 4,63 
tr|E8SIE2|E8SIE2_S
TAPH 






3 18,3 5,29 
tr|F0P4F7|F0P4F7_
STAPE 






2 5,1 314,5 
tr|E8SGZ9|E8SGZ9_
STAPH 






3 7,3 5,95 
tr|F0P8W1|F0P8W1
_STAPE 






3 20,1 6,3 
tr|F0P6B1|F0P6B1_
STAPE 






9 32 3,62 
tr|F0P3N6|F0P3N6_
STAPE 






6 22,5 1,43 
tr|F0P5K2|F0P5K2_
STAPE 






6 18,1 1,89 
tr|F0P8E8|F0P8E8_
STAPE 






2 12,2 369 
tr|F0P447|F0P447_S
TAPE 






3 23,2 1,66 
tr|F0P3A8|F0P3A8_
STAPE 






11 61,4 128,27 
tr|F0P3L6|F0P3L6_S
TAPE 






9 46,9 2,36 
tr|F0P3K2|F0P3K2_
STAPE 






2 6,5 5 
tr|E8SH13|E8SH13_
STAPH 






4 8,6 370,56 
tr|E8SH41|E8SH41_
STAPH 
Dihydrofolate reductase OS=Staphylococcus pseudintermedius (strain HKU10-03) GN=SPSINT_1138 PE=3 SV=1 18,3 5 2 
142.4 
(M:142.4) 
3 23,3 5,73 
tr|E8SHJ4|E8SHJ4_S
TAPH 
Dihydrolipoamide acyltransferase component of branched-chain alpha-keto acid dehydrogenase complex OS=Staphylococcus pseudintermedius (strain HKU10-03) 







3 5,2 4,15 
tr|F0P3V2|F0P3V2_
STAPE 






29 62 4,33 
tr|F0P7L8|F0P7L8_S
TAPE 






11 36,3 4,63 
tr|F0P7L5|F0P7L5_S
TAPE 

















2 9,8 4,36 
tr|F0P914|F0P914_S
TAPE 






2 6,7 2,24 
tr|F0P402|F0P402_S
TAPE 






8 24,1 5,36 
tr|F0P403|F0P403_S
TAPE 






9 52,8 5,28 
tr|E8SI70|E8SI70_ST
APH 






3 6,9 5,37 
tr|E8SDR2|E8SDR2_
STAPH 






3 6,3 5,09 
tr|B0B0K7|B0B0K7_
9STAP 






10 13,9 5,45 
tr|F0P621|F0P621_S
TAPE 






4 7,8 5,27 
tr|E8SGK1|E8SGK1_
STAPH 






4 5,7 667,87 
tr|E8SGK0|E8SGK0_
STAPH 
DNA mismatch repair protein MutS OS=Staphylococcus pseudintermedius (strain HKU10-03) GN=mutS PE=3 SV=1 98,3 5 2 
131.1 
(M:131.1) 
4 5,2 334,4 
tr|E8SHQ8|E8SHQ8
_STAPH 






6 16 4,67 
tr|E8SIU8|E8SIU8_S
TAPH 
DNA polymerase OS=Staphylococcus pseudintermedius (strain HKU10-03) GN=SPSINT_1449 PE=3 SV=1 99,2 5 3 
681.6 
(M:681.6) 
15 18,4 4,04 
tr|F0P7D1|F0P7D1_
STAPE 






1 11,6 1,85 
tr|F0P977|F0P977_S
TAPE 






7 44,7 5,69 
tr|F0P5K0|F0P5K0_
STAPE 






11 73,3 150,12 
tr|F0P9C0|F0P9C0_
STAPE 






3 11,3 0,69 
tr|F0P3C2|F0P3C2_
STAPE 






11 32,2 4,35 
tr|F0P8X3|F0P8X3_
STAPE 
DNA-directed RNA polymerase subunit beta OS=Staphylococcus pseudintermedius (strain ED99) GN=rpoB PE=3 SV=1 133,5 5 10 
1356.7 
(M:1356.7) 
28 24,4 5,32 
tr|E8SDZ9|E8SDZ9_
STAPH 






4 24,6 2,54 
tr|F0P7K8|F0P7K8_
STAPE 
DNA-directed RNA polymerase subunit omega OS=Staphylococcus pseudintermedius (strain ED99) GN=rpoZ PE=3 SV=1 7,9 7 1 
65.5 
(M:65.5) 
1 13 5,41 
tr|E8SJ75|E8SJ75_S
TAPH 






11 30,5 4,23 
tr|F0P7N4|F0P7N4_
STAPE 

















7 19,1 5,26 
tr|F0P4K3|F0P4K3_
STAPE 
Elongation factor 4 OS=Staphylococcus pseudintermedius (strain ED99) GN=lepA PE=3 SV=1 68,1 5 2 
49.5 
(M:49.5) 
2 3,1 2,14 
tr|F0P8W8|F0P8W8
_STAPE 






36 52,7 4,21 
tr|F0P5F0|F0P5F0_
STAPE 






7 30,3 3,63 
tr|F0P7E3|F0P7E3_
STAPE 






26 74 2,41 
tr|F0P8W7|F0P8W7
_STAPE 






34 78,5 3,41 
tr|E8SIA9|E8SIA9_S
TAPH 






9 31,6 3,81 
tr|E8SEL4|E8SEL4_S
TAPH 






11 19,6 5,18 
tr|F0P931|F0P931_S
TAPE 
endoribonuclease L-PSP 14 5 1 
40.3 
(M:40.3) 
1 11,9 1,38 
tr|F0P851|F0P851_S
TAPE 






28 75,6 82,35 
tr|F0P8G8|F0P8G8_
STAPE 






12 40 151,32 
tr|E8SIK3|E8SIK3_S
TAPH 
Excinuclease ABC OS=Staphylococcus pseudintermedius (strain HKU10-03) GN=SPSINT_0130 PE=4 SV=1 83,8 6 2 
156.0 
(M:156.0) 
4 5,7 388,7 
tr|F0P3J0|F0P3J0_S
TAPE 






7 31,2 173,54 
tr|E8SIY6|E8SIY6_ST
APH 






23 64 3,34 
tr|E8SHG9|E8SHG9
_STAPH 






2 17,1 529,77 
tr|F0P722|F0P722_S
TAPE 
Ferredoxin oxidoreductase subunit beta OS=Staphylococcus pseudintermedius (strain ED99) GN=SPSE_1484 PE=4 SV=1 31,1 5 2 
468.0 
(M:468.0) 
8 37,8 3,52 
tr|E8SEW8|E8SEW8
_STAPH 






4 20,5 368,45 
tr|F0P640|F0P640_S
TAPE 






3 20,4 543,46 
tr|F0P6T3|F0P6T3_S
TAPE 






7 27,7 1,4 
tr|Q5HHH2|Q5HHH
2_STAAC 






2 13,4 277,55 
tr|F0P815|F0P815_S
TAPE 






11 23,2 5,72 
tr|F0P9S7|F0P9S7_S
TAPE 

















10 24,1 2,97 
tr|F0P5P5|F0P5P5_
STAPE 






12 55,8 4,88 
tr|F0P6S2|F0P6S2_S
TAPE 






21 59,1 3,66 
tr|F0P4Z1|F0P4Z1_S
TAPE 






38 39 4,53 
tr|F8TLV0|F8TLV0_
9STAP 






7 7,6 373,93 
tr|F0P791|F0P791_S
TAPE 






8 13,3 5,09 
tr|F0P432|F0P432_S
TAPE 






3 13,9 4,91 
tr|F0P4B0|F0P4B0_
STAPE 






20 50,3 3,91 
tr|E8SGQ2|E8SGQ2
_STAPH 






33 92,6 125,44 
tr|E8SJR0|E8SJR0_S
TAPH 






8 20,8 5,29 
tr|F0P8K4|F0P8K4_
STAPE 






18 68,1 95,61 
tr|F0P3I4|F0P3I4_S
TAPE 






4 31,8 2,19 
tr|E8SEV7|E8SEV7_
STAPH 






2 3,8 3,83 
tr|F0P5D2|F0P5D2_
STAPE 






4 15,2 2,74 
tr|F0P8D6|F0P8D6_
STAPE 






2 8,2 1,96 
tr|F0P6Q5|F0P6Q5_
STAPE 






10 41,7 164,33 
tr|F0P5H4|F0P5H4_
STAPE 






17 40,7 3,1 
tr|F0P8K9|F0P8K9_
STAPE 






18 62,5 4,05 
tr|F0P8L3|F0P8L3_S
TAPE 






10 25,1 3,69 
tr|F0P3N7|F0P3N7_
STAPE 






11 35,3 2,07 
tr|E8SJ07|E8SJ07_S
TAPH 
Glutamate--tRNA ligase OS=Staphylococcus pseudintermedius (strain HKU10-03) GN=gltX PE=3 SV=1 56,2 5 2 
337.8 
(M:337.8) 
7 15,7 276,86 
tr|F0P642|F0P642_S
TAPE 

















6 44,9 197,45 
tr|F0P701|F0P701_S
TAPE 






18 51,1 4,02 
tr|F0P3I0|F0P3I0_S
TAPE 
Glutamine--fructose-6-phosphate aminotransferase [isomerizing] OS=Staphylococcus pseudintermedius (strain ED99) GN=glmS PE=3 SV=1 66,1 5 3 
1358.8 
(M:1358.8) 
25 37 5,57 
tr|F0P778|F0P778_S
TAPE 






2 6,5 2,88 
tr|F0P625|F0P625_S
TAPE 
Glutamyl-tRNA(Gln) amidotransferase subunit A OS=Staphylococcus pseudintermedius (strain ED99) GN=gatA PE=3 SV=1 53 5 2 
633.4 
(M:633.4) 
11 25,7 3,1 
tr|F0P705|F0P705_S
TAPE 






13 71,3 4,4 
tr|F0P855|F0P855_S
TAPE 






22 54,9 5,3 
tr|F0P3L7|F0P3L7_S
TAPE 






2 7,1 3,08 
tr|F0P712|F0P712_S
TAPE 






12 24,8 4,45 
tr|F0P8S4|F0P8S4_S
TAPE 






9 17,4 3,15 
tr|F0P715|F0P715_S
TAPE 






3 24,3 3,2 
tr|F0P9F3|F0P9F3_
STAPE 






10 47,7 4,1 
tr|F0P5J9|F0P5J9_S
TAPE 






4 13,9 280,43 
tr|F0P3S6|F0P3S6_S
TAPE 
glycerophosphoryl diester phosphodiesterase 34,9 8 2 
161.0 
(M:161.0) 
4 14,5 3,02 
tr|B1GVE4|B1GVE4
_9STAP 






6 28,3 3,89 
tr|F0P828|F0P828_S
TAPE 
Glycine cleavage system H protein OS=Staphylococcus pseudintermedius (strain ED99) GN=gcvH PE=3 SV=1 13,8 4 2 
254.9 
(M:254.9) 
4 50 282,08 
tr|F0P5E4|F0P5E4_
STAPE 






2 4,3 488,6 
tr|E8SIB8|E8SIB8_S
TAPH 
Glycine--tRNA ligase OS=Staphylococcus pseudintermedius (strain HKU10-03) GN=glyQS PE=3 SV=1 53,5 5 3 
1155.7 
(M:1155.7) 
20 54,1 4,83 
tr|F0P856|F0P856_S
TAPE 






5 19,1 490,04 
tr|F0P687|F0P687_S
TAPE 






3 8 6,92 
tr|F0P9S6|F0P9S6_S
TAPE 






10 37,2 4,02 
tr|F0P802|F0P802_S
TAPE 

















10 31,4 3,9 
tr|F0P971|F0P971_S
TAPE 






13 24,8 136,41 
tr|E8SJ47|E8SJ47_S
TAPH 






4 13,7 4,22 
tr|F0P5J8|F0P5J8_S
TAPE 






10 24,8 4,94 
tr|F0P4M1|F0P4M1
_STAPE 






2 8,7 2,29 
tr|F0P3P9|F0P3P9_
STAPE 






5 14,2 4,1 
tr|F0P9A5|F0P9A5_
STAPE 






9 32,1 132,82 
tr|F0P7E5|F0P7E5_
STAPE 






15 48,6 2,91 
tr|F0P7K9|F0P7K9_
STAPE 






2 10,6 1,53 
tr|F0P4J5|F0P4J5_S
TAPE 






2 8,8 6,62 
tr|F0P803|F0P803_S
TAPE 






2 7,7 508,43 
tr|F0P608|F0P608_S
TAPE 






2 12,1 367,17 
tr|F0P4K5|F0P4K5_
STAPE 






7 26,1 3,87 
tr|E8SGW7|E8SGW7
_STAPH 






7 62,5 154,08 
tr|F0P4E9|F0P4E9_
STAPE 






1 21,9 8,46 
tr|E8SGB4|E8SGB4_
STAPH 
Heme-degrading cytoplasmic oxygenase IsdI OS=Staphylococcus pseudintermedius (strain HKU10-03) GN=SPSINT_2202 PE=4 SV=1 12,8 8 2 
21.7 
(M:21.7) 
1 11 2,78 
tr|F0P6S7|F0P6S7_S
TAPE 
Histidine triad (HIT) protein OS=Staphylococcus pseudintermedius (strain ED99) GN=SPSE_0967 PE=4 SV=1 15,9 5 3 
399.8 
(M:399.8) 
8 51,8 2,68 
tr|F0P4G1|F0P4G1_
STAPE 






8 20,1 3,48 
tr|F0P8R8|F0P8R8_
STAPE 






6 20,3 4,88 
tr|F0P3Q2|F0P3Q2_
STAPE 






2 4,5 5,74 
tr|F0P4H5|F0P4H5_
STAPE 






2 12,7 3,28 
tr|F0P548|F0P548_S
TAPE 
Holo-[acyl-carrier-protein] synthase OS=Staphylococcus pseudintermedius (strain ED99) GN=acpS PE=3 SV=1 13,4 7 2 
123.7 
(M:123.7) 











4 7 5,84 
sp|Q5HHQ8|HPRK_
STAAC 
HPr kinase/phosphorylase OS=Staphylococcus aureus (strain COL) GN=hprK PE=3 SV=1 34,5 6 2 
70.9 
(M:70.9) 
2 5,8 3,57 
tr|F0P8V5|F0P8V5_
STAPE 






6 52,4 144,82 
tr|F0P5W3|F0P5W3
_STAPE 
HTH-type transcriptional regulator TcaR OS=Staphylococcus pseudintermedius (strain ED99) GN=tcaR PE=4 SV=1 17,5 8 1 
78.1 
(M:78.1) 
2 11,7 2,65 
tr|F0P588|F0P588_S
TAPE 






5 21,7 288,11 
tr|F0P9J7|F0P9J7_S
TAPE 






4 16,9 3,13 
tr|F0P918|F0P918_S
TAPE 






5 31,3 1,31 
tr|E8SHU1|E8SHU1
_STAPH 






10 20,1 3,66 
tr|E8SF10|E8SF10_S
TAPH 






4 11,4 3,85 
tr|F0P9M2|F0P9M2
_STAPE 






8 36,3 3,25 
tr|F0P5B5|F0P5B5_
STAPE 






7 31,6 1,82 
tr|F0P972|F0P972_S
TAPE 






33 70,7 4,83 
tr|F0P3U2|F0P3U2_
STAPE 






2 11,8 311,02 
tr|F0P658|F0P658_S
TAPE 






11 55,3 157,86 
tr|F0P876|F0P876_S
TAPE 






3 11,9 2,74 
tr|F0P9G9|F0P9G9_
STAPE 






11 35,5 4,3 
tr|E8SDS7|E8SDS7_
STAPH 






10 27,1 4,58 
tr|E8SJR5|E8SJR5_S
TAPH 






3 7,4 2,92 
tr|E8SEG2|E8SEG2_
STAPH 






1 10,5 0,5 
tr|F0P3L0|F0P3L0_S
TAPE 
Isocitrate dehydrogenase [NADP] OS=Staphylococcus pseudintermedius (strain ED99) GN=icd PE=3 SV=1 46,3 5 2 
562.8 
(M:562.8) 
12 30,5 3,81 
tr|F0P7M4|F0P7M4
_STAPE 






8 7,3 6,21 
tr|E8SG76|E8SG76_
STAPH 

















2 13,5 8,85 
tr|F0P5T4|F0P5T4_S
TAPE 






10 30,5 152,02 
tr|F0P4Y9|F0P4Y9_S
TAPE 
Leucine dehydrogenase OS=Staphylococcus pseudintermedius (strain ED99) GN=dhlE PE=3 SV=1 39,4 5 2 
401.2 
(M:401.2) 
7 19,5 3,54 
tr|F0P765|F0P765_S
TAPE 
Leucine--tRNA ligase OS=Staphylococcus pseudintermedius (strain ED99) GN=leuS PE=3 SV=1 92,2 5 3 
600.4 
(M:600.4) 
15 13,2 6,15 
tr|F0P6X2|F0P6X2_
STAPE 






2 13 298,65 
tr|E8SI63|E8SI63_ST
APH 






4 7,7 6,11 
tr|E8SFE0|E8SFE0_
STAPH 






5 27,4 207,23 
tr|F0P807|F0P807_S
TAPE 






4 15,7 4,8 
tr|F0P760|F0P760_S
TAPE 






16 45,6 1,44 
tr|F0P652|F0P652_S
TAPE 






2 15,1 2,4 
tr|F0P4C1|F0P4C1_
STAPE 






2 15,6 434,8 
tr|E8SIQ4|E8SIQ4_S
TAPH 















5 25,7 2,17 
tr|F0P8U9|F0P8U9_
STAPE 






2 8 2,82 
tr|F0P5V6|F0P5V6_
STAPE 






3 6 4,77 
tr|F0P7I7|F0P7I7_S
TAPE 






5 24 3,48 
tr|F0P9H5|F0P9H5_
STAPE 






17 49 154,21 
tr|F0P5Q4|F0P5Q4_
STAPE 






8 56,1 3,05 
tr|F0P644|F0P644_S
TAPE 






11 42,3 185,12 
tr|F0P9J8|F0P9J8_S
TAPE 






15 19,8 5,54 
tr|F0P7K4|F0P7K4_
STAPE 






4 9,7 2,69 
tr|E8SG67|E8SG67_
STAPH 

















2 15,5 311,44 
tr|F0P6K0|F0P6K0_
STAPE 






2 13,8 2,71 
tr|F0P660|F0P660_S
TAPE 






4 20,4 2,64 
tr|F0P551|F0P551_S
TAPE 






3 17,9 595,58 
tr|F0P390|F0P390_S
TAPE 






2 22,3 4,16 
tr|F0P5F4|F0P5F4_
STAPE 






3 24,6 342,72 
tr|F0P3Y6|F0P3Y6_S
TAPE 






3 23,1 5,22 
tr|E8SH51|E8SH51_
STAPH 






3 8 749,37 
tr|E8SE38|E8SE38_S
TAPH 






3 7,1 4,94 
tr|E8SEW4|E8SEW4
_STAPH 
N-acetylmannosamine kinase OS=Staphylococcus pseudintermedius (strain HKU10-03) GN=SPSINT_1947 PE=4 SV=1 32,3 5 2 
153.6 
(M:153.6) 
3 12,2 1,33 
tr|F0P9M4|F0P9M4
_STAPE 






7 29 2,98 
tr|F0P859|F0P859_S
TAPE 






6 19,7 2,37 
tr|F0P8W3|F0P8W3
_STAPE 






2 6,9 3,94 
tr|F0P8H2|F0P8H2_
STAPE 






2 7,4 3,96 
tr|F0P6H0|F0P6H0_
STAPE 






7 24,6 176,01 
tr|F0P3K4|F0P3K4_
STAPE 






12 41 147,4 
tr|F0P7Z6|F0P7Z6_S
TAPE 






10 23,5 4,36 
tr|F0P3T9|F0P3T9_S
TAPE 






14 42,4 1,88 
tr|F0P4U6|F0P4U6_
STAPE 






9 74,6 1,67 
sp|Q5HHU4|QUEF_
STAAC 






2 14,5 380,23 
tr|F0P7U9|F0P7U9_
STAPE 






10 44,1 2,15 
tr|F0P5C1|F0P5C1_
STAPE 











Nicotinate phosphoribosyltransferase OS=Staphylococcus pseudintermedius (strain ED99) GN=pncB PE=3 SV=1 56,3 6 1 
321.5 
(M:321.5) 
6 14,9 238,64 
tr|F0P534|F0P534_S
TAPE 






8 17,4 5,18 
tr|F0P6C7|F0P6C7_
STAPE 






3 18,1 274,91 
tr|F0P523|F0P523_S
TAPE 






15 19,1 4,55 
tr|F0P524|F0P524_S
TAPE 






3 28,8 1,07 
tr|F0P801|F0P801_S
TAPE 






2 42,5 2,4 
tr|F0P461|F0P461_S
TAPE 






10 47,4 2,33 
tr|F0P7R0|F0P7R0_
STAPE 






2 10,3 4,69 
tr|F0P9L0|F0P9L0_S
TAPE 






2 15,1 6,35 
tr|F0P678|F0P678_S
TAPE 






7 48,7 3,56 
tr|F0P923|F0P923_S
TAPE 






2 5,8 1,59 
tr|E8SHK3|E8SHK3_
STAPH 
Octaprenyl-diphosphate synthase / Dimethylallyltransferase / Geranyltranstransferase (Farnesyldiphosphate synthase) / Geranylgeranyl pyrophosphate synthetase 







2 8,5 5,29 
tr|F0P6E7|F0P6E7_
STAPE 






11 20,7 5,36 
tr|F0P8H9|F0P8H9_
STAPE 
Oligoendopeptidase F OS=Staphylococcus pseudintermedius (strain ED99) GN=pepF PE=4 SV=1 69,6 5 3 
1201.6 
(M:1201.6) 
22 33,9 3,95 
tr|F0P8I6|F0P8I6_S
TAPE 






12 25,5 130,24 
tr|E8SEL6|E8SEL6_S
TAPH 






3 10,5 5,73 
tr|F0P8I8|F0P8I8_S
TAPE 






3 7,2 2,31 
tr|B1GVI3|B1GVI3_9
STAP 






1 12,4 7,34 
tr|F0P834|F0P834_S
TAPE 






9 46,4 3,27 
tr|E8SEA7|E8SEA7_
STAPH 






2 7 6,48 
tr|F0P7A1|F0P7A1_
STAPE 






5 14,5 3,74 
tr|F0P7L3|F0P7L3_S
TAPE 

















12 42,4 144,41 
tr|E8SJC7|E8SJC7_S
TAPH 






12 39,9 2,23 
tr|F0P6H4|F0P6H4_
STAPE 






5 22 2,68 
tr|F0P470|F0P470_S
TAPE 






9 44,7 3,48 
tr|F0P397|F0P397_S
TAPE 






15 33,3 93,85 
tr|E8SI88|E8SI88_ST
APH 
Pantothenate synthetase OS=Staphylococcus pseudintermedius (strain HKU10-03) GN=panC PE=3 SV=1 32,2 5 2 
168.0 
(M:168.0) 
4 14,7 4,51 
tr|F0P9E9|F0P9E9_
STAPE 






5 13,9 224,45 
tr|F0P695|F0P695_S
TAPE 
Penicillin-binding protein 2 OS=Staphylococcus pseudintermedius (strain ED99) GN=pbp2 PE=4 SV=1 82,2 6 2 
1445.4 
(M:1445.4) 
27 39,3 4,91 
tr|F0P4N9|F0P4N9_
STAPE 






2 3,7 3,68 
tr|E8SKB8|E8SKB8_
STAPH 






6 17,7 3,37 
tr|F0P5G9|F0P5G9_
STAPE 






2 6,7 8,42 
tr|F0P4H9|F0P4H9_
STAPE 






3 12,3 4,94 
tr|E8SDY5|E8SDY5_
STAPH 






6 17,3 3,54 
tr|F0P8N6|F0P8N6_
STAPE 






5 16,4 4,59 
tr|F0P8F3|F0P8F3_
STAPE 






7 13,5 4,94 
tr|F0P3V7|F0P3V7_
STAPE 






9 34,4 2,6 
tr|F0P6B2|F0P6B2_
STAPE 






6 27 5,14 
tr|F0P6B3|F0P6B3_
STAPE 






5 43,7 1,52 
tr|F0P6U8|F0P6U8_
STAPE 






10 34,4 3,87 
tr|F0P8M2|F0P8M2
_STAPE 






11 53,8 218,66 
tr|E8SFJ6|E8SFJ6_S
TAPH 






5 13,2 353,79 
tr|E8SFJ7|E8SFJ7_S
TAPH 

















3 7,7 319,02 
tr|F0P7I8|F0P7I8_S
TAPE 






10 27,4 4,93 
tr|F0P4L7|F0P4L7_S
TAPE 






3 12,4 3,57 
tr|E8SF65|E8SF65_S
TAPH 















2 17,8 328,61 
tr|E8SF66|E8SF66_S
TAPH 






12 23 5,54 
tr|E8SHP6|E8SHP6_
STAPH 






4 6,6 5,66 
tr|F0P7U0|F0P7U0_
STAPE 






14 37,8 68,8 
tr|F0P3H5|F0P3H5_
STAPE 






14 33,9 5,52 
tr|E8SJS2|E8SJS2_S
TAPH 






8 27,8 2,82 
tr|F0P854|F0P854_S
TAPE 






20 47,2 4,48 
tr|F0P9S8|F0P9S8_S
TAPE 






6 33,3 4,17 
tr|F0P8B8|F0P8B8_
STAPE 
phosphomethylpyrimidine kinase 29,6 5 2 
301.1 
(M:301.1) 
8 34,4 3,46 
tr|F0P3S2|F0P3S2_S
TAPE 






4 22,1 410,35 
tr|F0P7K7|F0P7K7_
STAPE 






5 14,7 3,45 
tr|F0P3A9|F0P3A9_
STAPE 






11 33,2 3,72 
tr|E8SF57|E8SF57_S
TAPH 






7 18 3,4 
tr|F0P3Y5|F0P3Y5_S
TAPE 






2 6,4 3,02 
tr|F0P3Y4|F0P3Y4_S
TAPE 






8 35,2 4,06 
tr|F0P3X9|F0P3X9_
STAPE 






2 8,7 0,99 
tr|F0P3Y2|F0P3Y2_S
TAPE 






7 26,9 2,89 
tr|F0P3Y1|F0P3Y1_S
TAPE 

















2 31,4 0,84 
tr|E8SF55|E8SF55_S
TAPH 















6 25,8 5,9 
tr|F0P7C3|F0P7C3_
STAPE 
Polyribonucleotide nucleotidyltransferase OS=Staphylococcus pseudintermedius (strain ED99) GN=pnp PE=3 SV=1 76,9 5 2 
1549.8 
(M:1549.8) 
32 42,6 5,29 
tr|F0P3N4|F0P3N4_
STAPE 






3 9,1 452,09 
tr|F0P3W3|F0P3W3
_STAPE 
Potassium uptake protein TrkA OS=Staphylococcus pseudintermedius (strain ED99) GN=SPSE_1706 PE=4 SV=1 24,2 5 2 
100.5 
(M:100.5) 
2 12,3 4,92 
tr|E8SK61|E8SK61_S
TAPH 
Prephenate dehydratase OS=Staphylococcus pseudintermedius (strain HKU10-03) GN=SPSINT_1668 PE=4 SV=1 30 5 2 
98.4 
(M:98.4) 
3 10,1 4,62 
tr|F0P3Q5|F0P3Q5_
STAPE 
Preprotein translocase, YajC subunit OS=Staphylococcus pseudintermedius (strain ED99) GN=yajC PE=4 SV=1 9,7 10 1 
325.9 
(M:325.9) 
6 51,7 5,86 
tr|F0P5E9|F0P5E9_
STAPE 






12 35,1 3,51 
tr|E8SG80|E8SG80_
STAPH 






16 30,3 3,81 
tr|F0P6S5|F0P6S5_S
TAPE 






4 18,8 5,35 
tr|E8SID5|E8SID5_S
TAPH 






7 29,6 1,43 
tr|F0P7P8|F0P7P8_
STAPE 






2 7,7 3,6 
tr|F0P7B1|F0P7B1_
STAPE 






12 28,5 199,51 
tr|F0P8N7|F0P8N7_
STAPE 






4 6,2 3,1 
tr|F0P3Z3|F0P3Z3_S
TAPE 






14 51,5 160,41 
tr|E8SJN5|E8SJN5_S
TAPH 






3 10,7 291,33 
tr|F0P5I6|F0P5I6_S
TAPE 






2 8,5 0,73 
tr|F0P6B4|F0P6B4_
STAPE 






8 54,8 2,04 
tr|F0P5L7|F0P5L7_S
TAPE 






7 54,1 189,18 
tr|F0P9J2|F0P9J2_S
TAPE 






4 19,4 3,26 
tr|E8SE11|E8SE11_S
TAPH 

















2 6,9 1,89 
tr|F0P7T0|F0P7T0_S
TAPE 






9 28,4 158,42 
tr|F0P674|F0P674_S
TAPE 






7 35,5 6,2 
tr|F0P4B2|F0P4B2_
STAPE 






2 18,3 6,38 
tr|B1GVI2|B1GVI2_9
STAP 






2 5,7 719,98 
tr|F0P7Z9|F0P7Z9_S
TAPE 






5 13,6 4,84 
tr|F0P907|F0P907_S
TAPE 






16 49,2 2,59 
tr|E8SGW9|E8SGW9
_STAPH 






3 7,2 4,65 
tr|F0P4Y0|F0P4Y0_S
TAPE 






4 28,9 5,89 
tr|F0P492|F0P492_S
TAPE 






12 36 246,66 
tr|E8SEY8|E8SEY8_S
TAPH 






2 10,8 2,32 
tr|F0P5H6|F0P5H6_
STAPE 






3 12,2 3,95 
tr|F0P3T2|F0P3T2_S
TAPE 






11 10,4 282,59 
tr|E8SFW9|E8SFW9
_STAPH 






8 17,7 4,94 
tr|F0P3V3|F0P3V3_
STAPE 






23 64,4 4,12 
tr|F0P3V5|F0P3V5_
STAPE 
Pyruvate dehydrogenase E1 component alpha subunit OS=Staphylococcus pseudintermedius (strain ED99) GN=pdhA PE=4 SV=1 41,5 5 2 
970.3 
(M:970.3) 
15 37 4,35 
tr|F0P3V4|F0P3V4_
STAPE 






15 55,7 3,5 
tr|F0P723|F0P723_S
TAPE 






10 20,5 5,72 
tr|F0P4Z2|F0P4Z2_S
TAPE 






2 12,3 3,66 
tr|F0P3K8|F0P3K8_
STAPE 






33 43,7 4,63 
tr|E8SK18|E8SK18_S
TAPH 






25 50,8 63,52 
tr|F0P9N9|F0P9N9_
STAPE 

















2 5 2,73 
tr|F0P7R8|F0P7R8_
STAPE 






19 38,8 4,71 
tr|E8SIH7|E8SIH7_S
TAPH 






2 4,5 2,15 
tr|F0P575|F0P575_S
TAPE 






3 13 1,48 
tr|F0P8I4|F0P8I4_S
TAPE 






4 33,6 5,28 
tr|Q5HJZ8|Q5HJZ8_
STAAC 






6 12,7 4,12 
tr|E8SFG7|E8SFG7_
STAPH 






4 3,4 470,45 
tr|F0P5E5|F0P5E5_
STAPE 






7 41,4 3,08 
tr|F0P7C5|F0P7C5_
STAPE 






3 12,1 4,84 
tr|E8SH47|E8SH47_
STAPH 






2 15,9 416,08 
tr|F0P3W1|F0P3W1
_STAPE 






9 17,7 162,17 
tr|F0P5H5|F0P5H5_
STAPE 






5 22 297,16 
tr|F0P8Q5|F0P8Q5_
STAPE 






11 17,5 5,66 
tr|F0P8Q4|F0P8Q4_
STAPE 






7 23,4 4,23 
tr|F0P5Z3|F0P5Z3_S
TAPE 






4 14,7 3,51 
tr|F0P928|F0P928_S
TAPE 






9 36,1 157,57 
tr|E8SJQ7|E8SJQ7_S
TAPH 






2 7,6 1,8 
tr|F0P4K9|F0P4K9_
STAPE 






3 13,5 410,56 
tr|F0P5J7|F0P5J7_S
TAPE 






22 62,4 3,4 
tr|E8SHN5|E8SHN5_
STAPH 






1 11,3 0,46 
tr|F0P4L0|F0P4L0_S
TAPE 






2 8 4,41 
tr|F0P7P7|F0P7P7_
STAPE 

















3 18,6 8,25 
tr|F0P8N8|F0P8N8_
STAPE 






8 31,2 151,74 
tr|F0P7D3|F0P7D3_
STAPE 






2 11,6 2,95 
tr|F0P7C7|F0P7C7_
STAPE 






5 43 4,79 
tr|F0P7E1|F0P7E1_
STAPE 






14 52,7 136,22 
tr|F0P7J7|F0P7J7_S
TAPE 






2 12 5,97 
tr|F0P4W7|F0P4W7
_STAPE 






9 27 4,52 
tr|F0P8Y4|F0P8Y4_S
TAPE 






8 39 4,6 
tr|F0P4M7|F0P4M7
_STAPE 






8 22,8 4,9 
tr|F0P922|F0P922_S
TAPE 






2 20 6,75 
tr|F0P7Y0|F0P7Y0_S
TAPE 






2 6,5 2,87 
tr|F0P920|F0P920_S
TAPE 






8 43,2 4,92 
tr|F0P739|F0P739_S
TAPE 






7 20,6 2,78 
tr|E8SII9|E8SII9_ST
APH 






2 5,9 433,64 
tr|F0P7X7|F0P7X7_
STAPE 






2 9 2,7 
tr|E8SEX5|E8SEX5_
STAPH 






7 46,3 0,34 
tr|F0P3I5|F0P3I5_S
TAPE 






15 27,9 173,34 
tr|F0P4C3|F0P4C3_
STAPE 
Serine hydroxymethyltransferase OS=Staphylococcus pseudintermedius (strain ED99) GN=glyA PE=3 SV=1 45,3 6 3 
1260.0 
(M:1260.0) 
25 58,7 5,54 
tr|F0P6B6|F0P6B6_
STAPE 






2 4,9 6,47 
tr|E8SHQ1|E8SHQ1
_STAPH 






14 42,7 116,52 
tr|F0P4J2|F0P4J2_S
TAPE 






2 7 5,41 
tr|F0P3F5|F0P3F5_
STAPE 

















5 29,7 3,09 
tr|F0P7I0|F0P7I0_S
TAPE 






2 5,5 3,19 
tr|F0P7I2|F0P7I2_S
TAPE 






5 12 308,51 
tr|E8SJN8|E8SJN8_S
TAPH 






2 11,3 3,67 
tr|F0P3Q7|F0P3Q7_
STAPE 
Single-strand DNA-specific exonuclease RecJ OS=Staphylococcus pseudintermedius (strain ED99) GN=recJ PE=4 SV=1 85,8 5 2 
60.9 
(M:60.9) 
2 2,8 6,77 
tr|F0P995|F0P995_S
TAPE 






7 37,5 3,1 
tr|F0P4Y5|F0P4Y5_S
TAPE 






3 15,2 4,05 
tr|E8SE08|E8SE08_S
TAPH 






5 26,9 264,84 
tr|F0P930|F0P930_S
TAPE 






7 41,3 4,27 
tr|F0P9I8|F0P9I8_S
TAPE 






7 39 1,24 
tr|F0P6Y6|F0P6Y6_S
TAPE 
Staphylococcal accessory regulator family protein OS=Staphylococcus pseudintermedius (strain ED99) GN=SPSE_1447 PE=3 SV=1 14,2 7 2 
307.7 
(M:307.7) 
7 38,3 6,21 
tr|F0P7X6|F0P7X6_
STAPE 






3 10,6 2,35 
tr|F0P7R3|F0P7R3_
STAPE 






16 32,1 5,5 
tr|F0P7R2|F0P7R2_
STAPE 






15 54,6 155,96 
tr|F0P406|F0P406_S
TAPE 






7 18,2 4,46 
tr|F0P7F2|F0P7F2_
STAPE 






7 30,6 2,18 
tr|E8SG63|E8SG63_
STAPH 






11 34 4,27 
tr|F0P4T3|F0P4T3_S
TAPE 
succinyl-diaminopimelate desuccinylase 43,2 5 1 
189.0 
(M:189.0) 
4 9,8 2,46 
sp|Q5HFK7|SODM1
_STAAC 






2 8 0,18 
tr|F0P4N8|F0P4N8_
STAPE 






7 30,2 1,94 
tr|F0P6U2|F0P6U2_
STAPE 






2 7,4 2,93 
tr|F0P5L3|F0P5L3_S
TAPE 

















3 9,8 503,52 
tr|F0P6D0|F0P6D0_
STAPE 






11 27,1 5,78 
tr|F0P682|F0P682_S
TAPE 






6 24,7 4,94 
tr|F0P4E4|F0P4E4_
STAPE 
Thiamine-phosphate synthase OS=Staphylococcus pseudintermedius (strain ED99) GN=thiE PE=3 SV=1 23,6 5 1 
141.9 
(M:141.9) 
4 21,2 3,61 
tr|F0P9C2|F0P9C2_
STAPE 






2 7,1 6,55 
tr|F0P4G3|F0P4G3_
STAPE 
ThiF family protein OS=Staphylococcus pseudintermedius (strain ED99) GN=SPSE_1164 PE=4 SV=1 28,2 7 2 
128.9 
(M:128.9) 
2 10,2 6,67 
tr|F0P365|F0P365_S
TAPE 






3 16,3 2,51 
tr|F0P6W0|F0P6W0
_STAPE 






2 16,9 0,45 
tr|F0P3J2|F0P3J2_S
TAPE 






5 40,9 200,69 
tr|F0P7R6|F0P7R6_
STAPE 






13 99 2,55 
tr|F0P866|F0P866_S
TAPE 
Thioredoxin reductase OS=Staphylococcus pseudintermedius (strain ED99) GN=trxB PE=3 SV=1 33,4 5 2 
368.6 
(M:368.6) 
6 22,9 3,03 
tr|F0P4R3|F0P4R3_
STAPE 






22 60,1 3,57 
tr|E8SGN2|E8SGN2_
STAPH 
Threonine synthase OS=Staphylococcus pseudintermedius (strain HKU10-03) GN=SPSINT_1060 PE=3 SV=1 38,1 5 3 
158.7 
(M:158.7) 
4 13,3 254,27 
tr|F0P3M1|F0P3M1
_STAPE 






20 30,1 5,22 
tr|F0P9K6|F0P9K6_
STAPE 






3 18,5 2,98 
tr|E8SH42|E8SH42_
STAPH 















16 58,1 2,04 
tr|F0P4I2|F0P4I2_S
TAPE 






4 38 439,46 
tr|F0P8T9|F0P8T9_S
TAPE 






5 25,6 208,3 
tr|F0P4B5|F0P4B5_
STAPE 






2 5,5 492,71 
tr|E8SG84|E8SG84_
STAPH 






11 30,4 237,79 
tr|E8SJ15|E8SJ15_S
TAPH 

















2 9,8 4,08 
tr|F0P902|F0P902_S
TAPE 






8 51 4,49 
tr|F0P6F8|F0P6F8_
STAPE 






10 44,5 3,94 
tr|F0P5H3|F0P5H3_
STAPE 






2 6,3 491,49 
tr|F0P6R6|F0P6R6_
STAPE 






3 20,8 370,06 
tr|F0P5I0|F0P5I0_S
TAPE 






7 38,4 3,8 
tr|F0P7U2|F0P7U2_
STAPE 
Transcriptional regulator, LytR family OS=Staphylococcus pseudintermedius (strain ED99) GN=SPSE_1759 PE=4 SV=1 44,4 6 1 
212.8 
(M:212.8) 
4 14,5 238,25 
tr|F0P6K5|F0P6K5_
STAPE 






1 10,8 3,58 
tr|F0P4G5|F0P4G5_
STAPE 






8 61,9 162,54 
tr|F0P5I7|F0P5I7_S
TAPE 















5 30,6 151,58 
tr|F0P6W9|F0P6W9
_STAPE 






44 64,8 4,88 
tr|F0P3B8|F0P3B8_
STAPE 






3 47,2 1,69 
tr|E8SGG9|E8SGG9
_STAPH 






4 7,9 3,99 
tr|F0P3M4|F0P3M4
_STAPE 






7 41,1 2,86 
tr|E8SG89|E8SG89_
STAPH 






13 24,2 4,9 
tr|F0P3M9|F0P3M9
_STAPE 






14 21,9 136,28 
tr|F0P853|F0P853_S
TAPE 






15 54,2 2,88 
tr|F0P6Q4|F0P6Q4_
STAPE 






3 16,7 4,76 
tr|F0P9T5|F0P9T5_S
TAPE 






6 9,3 2,88 
tr|F0P781|F0P781_S
TAPE 






3 16,1 2,28 
tr|F0P4H0|F0P4H0_
STAPE 
tRNA-specific 2-thiouridylase MnmA OS=Staphylococcus pseudintermedius (strain ED99) GN=trmU PE=3 SV=1 41,4 5 2 
94.6 
(M:94.6) 











6 17,3 3,48 
tr|F0P539|F0P539_S
TAPE 






5 27,3 227,27 
tr|E8SHB9|E8SHB9_
STAPH 






2 11 4,97 
tr|F0P4Q2|F0P4Q2_
STAPE 






3 16,3 412,38 
tr|F0P648|F0P648_S
TAPE 






3 21,5 527,27 
tr|F0P3Z9|F0P3Z9_S
TAPE 






3 12,7 581,37 
tr|F0P793|F0P793_S
TAPE 






13 31 4,28 
tr|F0P6J0|F0P6J0_S
TAPE 






3 8,2 4,8 
tr|E8SKB3|E8SKB3_
STAPH 






8 25,2 4,42 
tr|F0P4D6|F0P4D6_
STAPE 






11 30,9 4,38 
tr|F0P4C5|F0P4C5_
STAPE 






11 31,4 3,46 
tr|F0P6B8|F0P6B8_
STAPE 
UDP-N-acetylglucosamine--N-acetylmuramyl-(pentapeptide) pyrophosphoryl-undecaprenol N-acetylglucosamine transferase OS=Staphylococcus pseudintermedius (strain ED99) 







4 15,2 231,36 
tr|F0P641|F0P641_S
TAPE 






9 16,3 6,18 
tr|E8SJ86|E8SJ86_S
TAPH 






7 18,8 4,54 
tr|E8SFP0|E8SFP0_
STAPH 
UDP-N-acetylmuramoylalanine--D-glutamate ligase OS=Staphylococcus pseudintermedius (strain HKU10-03) GN=murD PE=3 SV=1 49,9 6 2 
332.5 
(M:332.5) 
7 18,5 4,26 
tr|F0P8F5|F0P8F5_
STAPE 






10 25,1 4,7 
tr|F0P4F6|F0P4F6_
STAPE 
UDP-N-acetylmuramoyl-tripeptide--D-alanyl-D-alanine ligase OS=Staphylococcus pseudintermedius (strain ED99) GN=murF PE=3 SV=1 50 5 2 
84.8 
(M:84.8) 
2 9,7 251,59 
tr|F0P7Q0|F0P7Q0_
STAPE 
Uncharacterized N-acetyltransferase SPSE_1633 OS=Staphylococcus pseudintermedius (strain ED99) GN=SPSE_1633 PE=3 SV=1 17,4 5 2 
320.4 
(M:320.4) 
6 38,9 1,58 
tr|Q5HJ42|Q5HJ42_
STAAC 






1 12,7 0,18 
tr|Q5HFW4|Q5HFW
4_STAAC 






2 21 1,69 
tr|F0P4W5|F0P4W5
_STAPE 






2 9,3 3,85 
tr|F0P4W6|F0P4W6
_STAPE 











Uncharacterized protein OS=Staphylococcus pseudintermedius (strain ED99) GN=SPSE_0112 PE=4 SV=1 18,9 5 1 
326.4 
(M:326.4) 
4 28,1 1,47 
tr|F0P5Q1|F0P5Q1_
STAPE 






8 40,3 4,87 
tr|F0P5Q3|F0P5Q3_
STAPE 






1 11,2 1,7 
tr|F0P341|F0P341_S
TAPE 






6 40,6 3,39 
tr|F0P459|F0P459_S
TAPE 






3 10,6 1,89 
tr|F0P4Z4|F0P4Z4_S
TAPE 






7 43,8 2,16 
tr|F0P546|F0P546_S
TAPE 






4 39 4,52 
tr|F0P5T7|F0P5T7_S
TAPE 






4 32,4 7,06 
tr|F0P6H5|F0P6H5_
STAPE 






6 31,6 3,56 
tr|F0P3F1|F0P3F1_
STAPE 






6 28,6 4,3 
tr|F0P3F2|F0P3F2_
STAPE 






1 12,3 6,94 
tr|F0P3G3|F0P3G3_
STAPE 






10 86 6,21 
tr|F0P3H3|F0P3H3_
STAPE 






3 12,3 5,63 
tr|F0P490|F0P490_S
TAPE 
Uncharacterized protein OS=Staphylococcus pseudintermedius (strain ED99) GN=SPSE_0679 PE=4 SV=1 15,7 9 1 
116.5 
(M:116.5) 
3 21,6 3,03 
tr|F0P497|F0P497_S
TAPE 






2 13 4,71 
tr|F0P5B0|F0P5B0_
STAPE 






3 30,2 0,69 
tr|F0P5B1|F0P5B1_
STAPE 






1 22,8 4,92 
tr|F0P6P8|F0P6P8_
STAPE 






2 48,1 258,95 
tr|F0P6S6|F0P6S6_S
TAPE 






5 45,8 6,72 
tr|F0P740|F0P740_S
TAPE 






16 56,4 5,16 
tr|F0P777|F0P777_S
TAPE 
Uncharacterized protein OS=Staphylococcus pseudintermedius (strain ED99) GN=SPSE_1047 PE=4 SV=1 12,2 9 2 
77.8 
(M:77.8) 
2 22,9 0,8 
tr|F0P784|F0P784_S
TAPE 

















14 45,5 200,26 
tr|F0P4L4|F0P4L4_S
TAPE 






2 8,8 1,53 
tr|F0P5F3|F0P5F3_
STAPE 






2 16,1 6,82 
tr|F0P5G7|F0P5G7_
STAPE 






5 35,2 289,62 
tr|F0P6A8|F0P6A8_
STAPE 






3 23,3 4,51 
tr|F0P6Y7|F0P6Y7_S
TAPE 
Uncharacterized protein OS=Staphylococcus pseudintermedius (strain ED99) GN=SPSE_1448 PE=4 SV=1 34 6 1 
94.0 
(M:94.0) 
2 6,6 0,7 
tr|F0P719|F0P719_S
TAPE 
Uncharacterized protein OS=Staphylococcus pseudintermedius (strain ED99) GN=SPSE_1481 PE=4 SV=1 14,5 5 1 
37.4 
(M:37.4) 
1 12 0,98 
tr|F0P724|F0P724_S
TAPE 






7 25 2,82 
tr|F0P7J4|F0P7J4_S
TAPE 






4 37,9 5,17 
tr|F0P7N7|F0P7N7_
STAPE 






2 8 3,8 
tr|F0P7N8|F0P7N8_
STAPE 






2 8,9 5,74 
tr|F0P3S4|F0P3S4_S
TAPE 






2 14 4,01 
tr|F0P3S5|F0P3S5_S
TAPE 






1 14,8 6,65 
tr|F0P3S7|F0P3S7_S
TAPE 






2 14,4 0,83 
tr|F0P3S8|F0P3S8_S
TAPE 






2 10,1 305,64 
tr|F0P3U4|F0P3U4_
STAPE 






2 13,5 0,34 
tr|F0P3W9|F0P3W9
_STAPE 






4 24,4 2,97 
tr|F0P805|F0P805_S
TAPE 






4 43,2 4,16 
tr|F0P871|F0P871_S
TAPE 






2 13,8 4,28 
tr|F0P9B1|F0P9B1_
STAPE 






3 44,4 1,84 
tr|F0P9C8|F0P9C8_
STAPE 






2 11,7 3,27 
tr|F0P9I6|F0P9I6_S
TAPE 

















4 29,3 6,76 
tr|F0P8B6|F0P8B6_
STAPE 






1 14 6,02 
tr|F0P8E0|F0P8E0_
STAPE 






2 17,6 1,63 
tr|F0P9K5|F0P9K5_
STAPE 






1 15,6 1,28 
tr|F0P975|F0P975_S
TAPE 






13 82,1 4,84 
tr|F0P986|F0P986_S
TAPE 






4 23,3 230,42 
tr|E8SJ37|E8SJ37_S
TAPH 
Uncharacterized protein OS=Staphylococcus pseudintermedius (strain HKU10-03) GN=SPSINT_0232 PE=4 SV=1 4,6 9 1 
29.9 
(M:29.9) 
1 18,4 4,48 
tr|E8SJW1|E8SJW1_
STAPH 
Uncharacterized protein OS=Staphylococcus pseudintermedius (strain HKU10-03) GN=SPSINT_0380 PE=4 SV=1 18,6 5 2 
97.9 
(M:97.9) 
3 23,3 277,44 
tr|E8SE90|E8SE90_S
TAPH 






3 23,2 6,64 
tr|E8SG62|E8SG62_
STAPH 






1 15,4 2,8 
tr|E8SGJ6|E8SGJ6_S
TAPH 






1 10,1 3,06 
tr|E8SGP0|E8SGP0_
STAPH 






2 9,2 4,76 
tr|E8SHV0|E8SHV0_
STAPH 






2 16,5 5,96 
tr|E8SIC8|E8SIC8_S
TAPH 






3 20,4 357,69 
tr|E8SIT4|E8SIT4_ST
APH 






3 14,8 5,02 
tr|E8SJ89|E8SJ89_S
TAPH 






4 12,2 5,44 
tr|E8SJN4|E8SJN4_S
TAPH 
Uncharacterized protein OS=Staphylococcus pseudintermedius (strain HKU10-03) GN=SPSINT_1573 PE=4 SV=1 21,1 5 2 
117.8 
(M:117.8) 
3 20,1 2,66 
tr|E8SEY6|E8SEY6_S
TAPH 






3 15,5 2,8 
tr|E8SG92|E8SG92_
STAPH 






8 28,3 188,07 
tr|E8SGS5|E8SGS5_
STAPH 






2 13,5 5,1 
tr|E8SH95|E8SH95_
STAPH 






6 55,8 5,59 
tr|F0P3J5|F0P3J5_S
TAPE 











UPF0042 nucleotide-binding protein SPSE_1972 OS=Staphylococcus pseudintermedius (strain ED99) GN=SPSE_1972 PE=3 SV=1 34,8 6 2 
156.1 
(M:156.1) 
2 9,6 2,99 
tr|F0P7I1|F0P7I1_S
TAPE 






2 14,4 6,96 
tr|F0P6X0|F0P6X0_
STAPE 






2 26,9 506,48 
tr|F0P6R8|F0P6R8_
STAPE 






14 74,6 3,79 
tr|F0P3W0|F0P3W0
_STAPE 






4 66,2 4,88 
sp|Q5HFI7|Y1630_S
TAAC 






6 17,3 2,88 
tr|F0P4L5|F0P4L5_S
TAPE 






17 56,2 4,68 
tr|F0P8A0|F0P8A0_
STAPE 






4 14,3 4,32 
tr|F0P4H6|F0P4H6_
STAPE 






2 21,7 3,57 
tr|F0P3U3|F0P3U3_
STAPE 






5 26,1 3,54 
tr|F0P4C4|F0P4C4_
STAPE 






14 69,4 3,32 
tr|F0P8B7|F0P8B7_
STAPE 






2 11,3 5,3 
tr|E8SHS5|E8SHS5_
STAPH 






4 29,8 3,11 
tr|F0P9S0|F0P9S0_S
TAPE 






2 12,3 3,91 
tr|E8SFZ9|E8SFZ9_S
TAPH 






9 18,2 4,21 
tr|F0P445|F0P445_S
TAPE 






2 20,3 6,27 
tr|F0P7E2|F0P7E2_
STAPE 






7 31,2 2,96 
tr|F0P6T2|F0P6T2_S
TAPE 






4 11,9 5,36 
tr|E8SFH0|E8SFH0_
STAPH 






4 15,6 1,07 
tr|F0P374|F0P374_S
TAPE 






4 13,9 1,95 
tr|E8SJ97|E8SJ97_S
TAPH 






15 37,1 3,47 
tr|F0P974|F0P974_S
TAPE 

















6 34,5 1,51 
tr|F0P366|F0P366_S
TAPE 






3 5,5 6,36 
tr|F0P685|F0P685_S
TAPE 






3 12,5 5,79 
tr|F0P469|F0P469_S
TAPE 






10 25,1 2,98 
tr|E8SGI0|E8SGI0_S
TAPH 






8 17,9 6,72 
tr|F0P5M9|F0P5M9
_STAPE 






10 28,5 5,59 
 
 
 
 
 
 
